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Abstract 
In the construction industry, problems such as budget overruns, extended schedules, 
low quality work and poor safety standards still exist due to not selecting the best 
contractor to complete a project. To select the best contractor, an owner needs a 
rational approach to evaluate candidate contractors. This evaluation involves mainly 
developing criteria and developing a model to interrelate these criteria. However, at 
present there is no consensus for the selection of a common hierarchy/set of criteria, 
showing a knowledge gap that needs to be bridged. Moreover, all existing models 
have a lack of integration in the joint area of simultaneously putting together 
subjective inputs of multiple decision-makers, covering elements of risk and 
uncertainty, and offering computer interaction. This presents another knowledge gap 
that needs to be filled. Therefore, the main research aims were to originally 
contribute to (1) developing a common set of criteria based on existing 
organisational units of contractors and (2) developing a more realistic working model 
including the necessary capabilities mentioned. 
The methodology used in this research was an integrated approach to the suggestion 
and development through literature review, questionnaire survey, and model tests. 
The Thai construction industry was used to investigate tender evaluation procedures, 
criteria and models. The writer's ideas, together with concepts and techniques mainly 
from construction engineering, operations research, systems engineering, social 
sciences and computer sciences were blended into the suggestion and development. 
A hierarchy/set of contractor ability criteria was developed on the basis of a 
combination of organisational units of contractors and the results of questionnaire 
analyses, which is the initial initiative of this research. This hierarchy/set 
incorporates physical characteristics of contractors, which appear to offer a common 
set of contractor ability criteria. This common set could then result in the reduction 
of worldwide repetitive effort in developing contractor ability criteria thereby 
possibly decreasing world-owners' expenses. 
Using the hierarchy/set of contractor ability criteria as a basis for its development, 
the multicriteria and multidecision-makers' model proposed in the research can 
overcome the mentioned lack of the existing models by simultaneously including the 
necessary capabilities mentioned. The vital theory behind the model was the method, 
using a combination of a utility function and a social welfare function, identified as 
state-of-the-art. This method provides the consideration of both risk arising from 
uncertainty and multiple decision-makers' involvement. To assemble the model, 
Microsoft Excel performed calculations whilst Visual Basic for Application (VBA) 
undertook interaction. The interactive capability of the model offers the flexibility to 
absorb changes, both in contractor ability criteria and in multidecision-makers' 
subjective inputs. With this flexibility, the model could be used in any country. For 
these reasons, the model has advantages over all existing models in tender 
evaluation. 
The model tests for user friendliness, verification, sensitivity analysis and validation 
showed that the integration of multidecision-makers' subjective inputs, elements of 
risk and uncertainty and computer interaction was a rational and realistic approach in 
solving tender evaluation problems. 
The research provides two main beneficial results filling the two knowledge gaps. 
One is a common hierarchy/set of contractor ability criteria including physical 
properties of contractors (ie, hierarchical organisational units of contractors), which 
potentially leads to the decrease of the waste ofworld-repetitive resources spent. The 
other is a more realistic working model (the multicriteira and multidecision-makers' 
model) including multidecision-makers' subjective inputs, risk arising from 
uncertainty and computer interaction; which results in a saving in time and higher 
efficiency of tender-data analysis. This then helps to reduce the construction 
problems mentioned. Consequently, the owner will enjoy the future growth. 
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Terminology 
The terminology* of decision-making may be accepted differently. The following 
meanings are used in this research. 
Criteria 
Criteria is a broad term encompassing attributes, variables, objectives and goals. 
Attributes/variables 
Attributes/variables are measurable features of an objective(s). Strictly, an objective 
cannot be measured but its attributes/variables can (Nunnally, 1967) and can be used 
to objectively and subjectively describe the objective. In general, attributes/variables 
carry different weights of relative importance which functionally provide: 
• a clear understanding of the objective(s) successfully achieved 
• scales for measuring the objective in some particular dimensions. 
Objectives 
Objectives are defined as decision-makers' needs and desires. Objectives also 
represent directions (maximisation or minimisation) of improvement or preference 
along attributes/variables. In general, objectives are selected by an individual, 
individuals, groups, or organisations. Different decision-makers may select different 
objectives. These objectives may be conflicting: for example within an individual; 
• There is no standard terminology for human decision-making. Nevertheless, groups of 
interchangeable terms are used: 
• for describing and classifying objectives such as characteristics, aspects, properties, qualities, 
distinctions, attributes, traits, and cues 
• for pursuing and striving towards such as goals, targets, aims, aspirations, objects, objectives, 
ends, intents, purposes, missions, aspirations, and ambitions 
• for measuring effectiveness such as criteria, standards, gauges, principles, norms, and rules 
• for considering or accomplishing pursuits such as objects of choice, options, actions, solutions, 
alternatives, items, strategies, and means (Zeleny, 1982). 
xix 
between individuals; between groups; or between an individual, individuals, groups, 
and organisations. Often, each objective cannot be commensurate with another. 
Goals 
Goals are rather similar to objectives in that they are constituted by one or more 
attributes. However, a goal has a specified amount as a point of reference, or a level 
of aspiration to be satisfied as closely as possible, instead of having only a direction 
of improvement. 
Solutions/alternatives 
A solution/alternative represents one set of means of achieving an objective(s) or a 
goal(s). Two main components of a solution are a set of variables/attributes and a set 
of objectives or goals, which make a solution comparable with other solutions. There 
is strong interdependence and interaction between objectives and solutions (Zeleny, 
1982). That is, for human decision-making, generating solutions without 
understanding of objectives or goals is rather impossible. Similarly, determining 
objectives and goals without apprehension of solutions is somewhat unachievable. 
Non-dominated solutions 
A non-dominated solution is a feasible solution where its set of values, with respect 
to all criteria, has the same or better performance than that of other solutions. An 
increase in value of any one objective within a non-dominated solution can be 
achieved by the sacrifice in value of at least one other objective, leading to the 
concept of value trade-off, which reflects subjective judgment and personal 
difference. 
The best solution 
The best solution is that which is j udged as such by the decision-maker. In other 
words, it is the solution which is accepted and implemented with confidence. 
XX 
Score 
A score is the quantity of a criterion/variable/attribute of a solution. Also, a score is a 
constructed scale which has no elements of risk and uncertainty. 
Utility 
Utility is the preference of the decision-maker for a criterion/variable/attribute of a 
solution. Also, a utility is a constructed scale which includes the preference of a 
decision-maker towards risk and uncertainty. 
Utility function 
A utility function is a preference structure of a decision-maker. In simple terms, a 
utility function is a mapping of multicriteria values into a constructed function, or a 
mathematical form of preference structure. 
Social welfare function 
A social welfare function is a summation of utility functions of multiple decision-
makers. 
Satisfying 
Satisfying is explained as efforts to succeed to a level of aspiration or a point of 
reference, which reflects personal difference and dynamic movement over time. The 
point of reference then provides a motivating force for a decision-maker to reach it as 
closely as possible, and also guides the selection of the final solution. 
Tender evaluation 
Tender evaluation is the process of selecting the best contractor to complete a 
project. This process may be performed with or without prequalification. 
xxi 
Multicriteria optimisation 
Multicriteria optimisation (where an ultimisation is required for more than one 
criterion) is a process of searching for a single measure of merit of a solution that is 
greater than that of the other solutions. This process requires subjective inputs from 
the decision-makers. 
Subjective inputs 
Subjective inputs are any statements of preference from decision-makers, which are 
added to criteria in order to evaluate solutions. These subjective inputs differ from 
one decision-maker to another due to their different backgrounds, experiences, 
positions, and attitudes towards risk and uncertainty. Broadly, types of inputs are: (1) 
weights of relative importance of criteria/attributes/variables, (2) a set goal or a set of 
references, (3) a utility or a utility function. 
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Chapter 1 Introduction 
1.1 Background 
In the construction industry, the future growth of any owner/client organisation 
depends largely on its investment decision. When the owner has decided on which 
project to invest in, they may engage outside contractors to complete this project. If 
the owner selects the best contractor, their organisation will enjoy future growth 
because this selection deeply influences the day-to-day operations and long-term 
performance of their organisation. If, however, the owner selects a low-qualified 
contractor, it is most likely that problems of planned-schedule delays, used-budget 
excesses, low quality of work, a large number of claims and litigation, suffering of 
both workers and the public, and the requirement of more supervision from the 
owner will occur. This then requires a rational approach to evaluate candidate 
contractors in order to select the best contractor. This evaluation involves mainly (1) 
the development of criteria and (2) the development of a model to interrelate these 
criteria. Such tender evaluation is the subject matter of this research. 
In the past, particularly during times of hardship, a single criterion (eg, cost or time) 
was considered in tender evaluation. Over the past few decades, during peace time, 
multiple criteria have been suggested for tender evaluation (see, eg, CIDA, 1993; 
Diekmann, 1981; Hatush and Skitmore, 1997; Herbsman and Ellis, 1992; Liston, 
1994ab; Nguyen, 1985; Russell, 1990, 1992; Russell and Skibniewski, 1988, 1990; 
Russell et al., 1990, 1992). However, at present there is no consensus for the 
selection of a common set of tender evaluation criteria. Different researchers have 
suggested different sets of criteria. Also, most organisations have developed their 
own tender evaluation criteria. This shows waste of resources in repetitive effort to 
develop tender evaluation criteria. 
Moreover, together with this suggestion, a number of models have been introduced 
to tender evaluation. Each model has different methods for dealing with multicriteria 
and interrelating them. 
For example, a weighting method has been used in various studies. Russell and 
Skibniewski (1990) have introduced an interactive model, named Qualifier-], to 
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qualify contractors. This model combines all criteria into a new single criterion 
where weights are assigned to individual criteria according to their relative 
importance. On the other hand, Herbsman and Ellis (1992) cope with multiple 
criteria by converting them into expected monetary value by trading off between 
these criteria, and then interrelating them by using weights of relative importance. 
Nguyen (1985) applied fuzzy set theory to tender evaluation. Here, a fuzzy set 
transforms multicriteria into a non-dimensional unit and then combines all criteria by 
weighting. 
In the application of a multiattribute utility function, Diekmann (1981) suggested a 
weighted additive model (to represent the decision-maker's utility function) to 
evaluate contractors in a cost plus contract. This model manages non-commensurate 
issues similar to Qualifier-] by Russell and Skibniewski (1990) except that here 
Diekmann uses utility for the value of each criterion. Also, Hatush (1996) and 
Hatush and Skitmore (1998) introduced a weighted additive model to tender 
evaluation. This model operates similarly to that of Diekmann. 
Based on computer technology, Russell et al (1990) developed an expert system, 
named Qualifier-2, for contractor prequalification, which integrated the expertise of 
four construction professions. In this system, criteria are ranked in a hierarchy. The 
rules for prequalification are applied at the lowest level of this hierarchy by asking 
"if-then" questions. 
All of these models assumy that only one decision-maker is involved in tender 
evaluation. However, in reality, multiple decision-makers are always involved. These 
decision-makers may come from different departments within the owner's 
organisation. They have different interests and judgment regarding the relative 
weighting and value of each criterion due to their different experience, position, 
background and attitude towards risk arising from uncertainty. This results in 
problems when each decision-maker gives different weights of relative importance to 
the same criteria and different values of these criteria for each contractor. 
Sometimes, the problem of selecting a contractor becomes an argument between 
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these multiple decision-makers about what weights and values should be given to the 
selection criteria. 
1.2 Problem statement 
As discussed earlier, firstly there appears to be a lack of shared communal tender 
evaluation criteria, which presents an unnecessary use of repetitive effort in 
developing such criteria showing a gap ofknowledge. To reduce the use of repetitive 
effort, this gap needs to be bridged. 
Secondly, all the above models assume that one person makes a decision in tender 
evaluation but in most organisations multiple decision-makers are involved. Where 
multiple decision-makers are involved, the problems of different weights of relative 
importance fort he s arne criteria and of different values for these criteria for each 
contractor occur. Furthermore, these weights can change over time in relation to a 
particular situation. Also, the values of these criteria are subject to risk and 
uncertainty regarding the consequences of engaging the contractor. Although the 
Association of Consulting Engineers Australia, ACEA (1998), has suggested an 
approach which considers the involvement of multiple decision-makers, there 
appears to be no consideration of the risk and uncertainty of solutions and no 
interactive nature. This represents the inadequacy of integrating all necessary 
features for tender evaluation, showing another gap of knowledge that needs to be 
filled. 
Therefore, if the owner wants a tender evaluation decision for their whole 
organisation and includes elements of risk and uncertainty, they require a rational 
and realistic model which is capable of: 
• compiling preferences of multiple decision-makers 
• including elements of risk and uncertainty 
• providing a flexibility to absorb the changes of preference in relation to a 
particular situation via computer interaction. 
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1.3 Aims of the research 
As a result of the above problem statement, the major research aims were to 
contribute to ( 1) suggesting . a common hierarchy/ set of criteria based on existing 
organisational units of contractors and (2) developing a more realistic working model 
for use in evaluating tenders via imagination across various disciplines (ie, 
construction engineering, operations research, systems engineering, social sciences, 
and computer sciences). To achieve this, the aims were broken down into the 
following sub-aims. 
• To investigate tender evaluation procedures, criteria and models used in the Thai 
construction industry in order to address the aspects of tender evaluation. 
• To develop a common hierarchy/set of criteria for evaluating contractor ability, 
which satisfies a project's requirements. This hierarchy will include physical 
characteristics of all contractors in the world. Thus, this hierarchy may be applied 
universally leading to a worldwide decrease in repetitive efforts in developing 
contractor ability criteria. 
• To identify a state-of-the-art model from interdisciplinary subjects, which is 
likely to support best practice. The research shows that a combination of a utility 
function and a social welfare function can be described as state-of-the-art. 
• To develop utility measurement which includes risk stemming from uncertainty 
and which is suitable for tender evaluation practitioners. 
• To provide an approach of suggesting utility for bid price whereby the onus of 
utility expression on the part of decision-makers can be reduced. 
• To develop a realistic working method usmg the state-of-the-art model (a 
combination of a utility function and a social welfare function) identified for use 
in tender evaluation, which is able to integrate preferences of multiple decision-
makers and to recognise risk arising from uncertainty. 
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• In line with all of the previous sub-aims, to develop an interactive and user-
friendly program for the realistic working method which is able to provide an 
opportunity for changes in subjective inputs (a statement of preference) in 
relation to a particular situation and to reduce the difficulty in finding fixed and 
well-defined subjective inputs up front. 
1.4 Significance of the research 
It is shown in the literature review that a shortcoming in developing common criteria 
in tender evaluation exists and although multicriteria models have been suggested for 
tender evaluation, there is a lack of integration in the joint area of simultaneously (1) 
putting together preferences of multiple decision-makers, (2) covering elements of 
risk and uncertainty, and (3) offering computer interaction that makes a model 
flexible to any changes in situation. This presents two knowledge gaps that need to 
be filled. 
To fill these two gaps, this research develops a common set of criteria and a more 
realistic working model including the necessary capabilities mentioned to help 
practitioners select the best contractor; which ensures the success of a project at a 
certain level. This development reduces the problems of planned-schedule delays, 
used-budget excesses, low quality of work, a large number of claims and litigation, 
suffering of both workers and the public, and the requirement of more supervision 
from the owner. This reduction then leads to future growth of the owner's 
organisation. 
1.5 Methodology 
The methodology used in this research is an integrated approach to the development 
of a common hierarchy/set of criteria and the realistic working model. The steps of 
the methodology were as follows. 
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• Review the literature on tender evaluation procedures to find the processes of 
tender evaluation used by the construction industry. 
• Review the literature on tender evaluation criteria to identify related disciplines 
and areas which can underpin best practice. 
• Review the literature on multicriteria models from vanous fields to find 
limitations based on their assumptions and solution-evaluation performance so as 
to determine the state-of-the-art model put forward. 
• Review the literature on tender evaluation in the Thai construction industry, 
based on the above findings, to establish a conceptual framework in terms of (1) 
tender evaluation procedures, (2) tender evaluation criteria, and (3) tender 
evaluation models for a survey of tender evaluation, conducted in Bangkok, 
Thailand. 
• Conduct a questionnaire survey to support the above findings from the literature 
and to test the conceptual framework in order to develop a hierarchy of common 
criteria based on existing organisational units of contractors and to provide a 
basis for subsequent modelling. 
• Develop, based on the above findings of the questionnaire survey and the 
literature review, a realistic working model for tender evaluation. 
• Develop an interactive and user-friendly computer program to guarantee the 
practicability of the proposed modeL 
• Conduct model tests in terms of user friendliness, verification, sensitivity 
analysis, and validation to show the superiority in reality of this model to the 
existing models in tender evaluation. 
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1.6 Outline 
Chapter one is the introduction providing background, problem statement, aims, 
significance, methodology, outline of research and a publication list during the 
development of this research. 
Chapter two is a literature review which is divided into three sections: tender 
evaluation procedures, criteria, and models for solving multicriteria problems. 
Measurement of criteria and the theory of hierarchy, multilevel, systems are also 
discussed for application in developing a common hierarchy of criteria. Moreover, 
multicriteria models in various areas are studied to identify the state-of-the-art 
model. A combination of a utility function and a social welfare function appears to 
be state-of-the-art. In addition, it is found that computer interaction is combined with 
multicriteria models in order to absorb changes of preference in relation to a 
particular situation and to reduce the difficulty in finding fixed and well-defined 
subjective inputs up front. 
Chapter three is a literature review on tender evaluation in the Thai construction 
industry using the same structure as for Chapter two. However, the focus is on the 
practice in Thai construction organisations (in both government and private sectors). 
Three broad tender evaluation procedures are analysed: (1) the selective tendering 
process with prequalification, (2) the selective tendering process without 
prequalification and (3) the open tendering process. All of these procedures involve 
multiple criteria and multiple decision-makers. 
Chapter four is the questionnaire design based on the findings in Chapters two and 
three. The data gathered focuses on (1) tender evaluation criteria, (3) tender 
evaluation procedures and (3) tender evaluation models. The data is then prepared for 
analyses using SPSS, a statistical package. 
Chapter five presents the results ofthe data analyses of the questionnaire survey. The 
results on tender evaluation procedures support the findings in Chapters two and 
three that multicriteria and multidecision-makers are involved in tender evaluation. It 
is also shown that selective tendering with and without prequalification uses a two-
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step evaluation: step 1 evaluating contractor ability and step 2 evaluating tenders. On 
the other hand, the open tendering process uses a one-step evaluation. In addition, a 
hierarchy of criteria based on typical organisational units of contractors is presented. 
The hierarchy is the result of the initial initiative in the research in suggesting a 
common set of criteria. On the models used, a weighting method is the most popular 
in the Thai construction industry. 
Chapter six further explains the ideas of a utility function and a social welfare 
function (identified as state-of-the-art) in order to apply them as the basis for 
developing the multicriteria and multidecision-makers' model. Simplification for 
utility measurement of contractor ability criteria is suggested by this research for 
tender evaluation practitioners. In addition, a suggested utility for bid price (based on 
percentile of bid price distribution) is introduced in this research so as to decrease the 
burden of utility expression. An example of how to combine the utility and social 
welfare functions is also presented. 
Chapter seven describes the model process, development and program. The model 
process is divided into two main steps: step 1 evaluating contractor ability and step 2 
evaluating tenders, which consist of three main processes: (1) contractor ability 
criteria selection process, (2) contractor ability balancing/measuring process and (3) 
bid price and contractor ability balancing/measuring process. An outline process and 
a flow diagram are developed to verify the logical order of the model. Microsoft 
Excel with Visual Basic for Application (VBA) is used to construct the multicriteria 
and multidecision-makers' model. 
Chapter eight proves the realistic workability of the model by tests for user-
friendliness, verification, sensitivity analysis, and validation. The tests have shown 
that the integration of multidecision-makers' preferences, elements of risk and 
uncertainty and computer interaction is a rational and realistic approach in solving 
tender evaluation problems. 
Chapter mne concludes the research work. Also, recommendations for further 
research and for the construction industry are made. All the Chapters and their 
interaction as a whole are shown in Figure 1. 
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Chapter 2 Literature review 
2.1 Introduction 
A large body of literature on multicriteria (or multiobjective) decision-making 
problems exists in various areas such as water resources (see Cohon, 1978; Haimes 
and Chankong, 1979), industry, transportation, finance, academia, land use (see 
Goicechea et al., 1982), airport development (see de Neufville and Keeney, 1974), 
nuclear power plants (see Keeney and Nair, 1977), and forest problems (see Bell, 
1977). This is possibly because there is an increased need to consider multiple 
criteria during peace periods, whilst during war periods a single criterion tends to be 
considered. This is also true for the problems of tender evaluation. Historically, when 
times were hard, cost was the sole criterion in tender evaluation problems because of 
the long usage of competitive bidding concepts (see Herbsman and Ellis, 1992). 
However, recently when times are favourable, multiple criteria have been introduced 
to solve the problems, which can be seen in, for example, Hatush and Skitmore 
(1997abc), Herbsman and Ellis (1992), Holt et al. (1993, 1994abc), Liston (1994ab, 
1999), Russell (1990, 1992), Russell and Skibniewski (1988, 1990). 
To study tender evaluation (as a multicriteria decision-making process), three main 
components were reviewed: (1) procedures for tender evaluation, (2) criteria for 
tender evaluation, and (3) models for multicriteria problems. The following is a 
review of the literature structured according to these three components. This 
structure permits an insight study of tender evaluation that addresses the important 
issues and can lead to an improvement of current practice. 
2.2 Procedures for tender evaluation 
2.2.1 Introduction 
Where an owner/client wants to complete a facility (eg, a construction, a project or a 
product) by engaging outside companies, binding contracts are formed. There exist a 
number of contract strategies, delivery systems or procurement systems, which allow 
the engaging parties to exchange their resources and experience such as traditional, 
13 
Chapter 2 Literature review 
design and construction, novation, and BOOT. The selection of any delivery system 
is dependent upon the owner's needs, types and size of the projects, and a specific 
situation (Love and Skitmore, 1995), and reflects a variety of meaningful criteria for 
each delivery system. This means a set of meaningful criteria is suitable for a 
delivery system, an owner's needs or objectives and a specific condition. In other 
words, only selecting a suitable delivery system for a project does not mean selecting 
the best contractor to complete the project. Therefore, to select the best contractor, a 
set of meaningful criteria, a form of gathering data according to these criteria and a 
rational approach for evaluating abilities of contractors are necessary. In this section, 
tender evaluation procedures are studied to identify any issues and limitations. 
Tendering can be expressed from two points of view. Firstly, from an owner's 
viewpoint tendering is a process of selecting the best contractor from many 
contractors for executing a specified project. Some investigators have researched 
from this viewpoint (Hatush and Skitmore, 1997abc and 1998; Herbsman and Ellis, 
1992; Liston, 1994ab, 1999; Russell, 1990; Russell and Skibniewski, 1988, 1990; 
Russell et al., 1990, 1992). Secondly, from the contractors' viewpoint, tendering is a 
process of selecting a project(s) to bid for and of preparing for executing work on 
stated terms. The work of Ahmad (1990) and Shash (1993) is an example of research 
in this area. Only the owner's viewpoint was focused on in this research. 
This review of tender evaluation procedures was divided into prequalification (a 
process of evaluating contractors to examine contractor ability) and tender 
evaluation (a process of evaluating contractors to select the best contractor). Lastly, 
issues related to multiple criteria and multiple decision-makers in tender evaluation 
were discussed; this led to the development of a realistic working model. 
2.2.2 Prequalification 
2.2.2.1 Aims of prequalification 
Prequalification atms at separating out between qualified (competent) and 
unqualified (incompetent) contractors, and at ranking the ability of the contractors to 
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complete a specified project or class of work. Only the qualified contractors will be 
invited to bid for a specified project. Prequalification and tender evaluation also 
involve the owner/client in screening contractors according to a given set of criteria. 
The criteria selected/developed should be such that the decision-maker can reduce 
the risk in selecting a low qualified contractor and have a higher probability that the 
contract will be completed either within time, cost and quality (Liston, 1999). 
Russell et al. (1988) explained prequalification by interpreting the interaction 
amongst three components, namely: 
• The decision-maker or owner. The characteristics of the owner effects the 
decision strategy used and the criteria selected. Various criteria and sub-criteria 
describing the owner include: 
• Type of owner: Private and public owners select different criteria. That is, 
when selecting criteria for prequalification, the private owner is more elastic. 
Whereas, the public owner performs that selection of criteria under certain 
regulations no matter what the type of project is. 
• Owner's objectives: The objectives and their weights of relative importance 
affect the criteria selected. In addition, many objectives within each type of 
owner are involved in prequalification. These objectives are presented in the 
order of their descending priority: global objectives of the organisation, 
project objectives of a specific project, contractor prequalification objectives 
for obtaining the tenderers and contractor selection objectives for satisfying 
specific objectives. Amongst these objectives however, the project 
objectives, varying between projects and owners, are dominant. These 
objectives include minimising cost, minimising time, improving quality and 
improving safety. 
• Scope of work: The scope of work diagnoses both the types of construction 
and the relative sizes of the project. The types of construction considered are 
money demanded, labour or material concentrate, quality and type of 
equipment demanded, specialised trades or subcontractors implicated, the 
technology being executed and construction technology applicable. The 
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relative sizes of projects influence the degree of detail in the prequalification 
process. 
• Resource demand: Resource plans are made before a project launches. 
Different resources are demanded for different projects. Therefore, different 
criteria are applied to different projects. The criteria securing a project 
consist of financial affairs, equipment, materials and man power. 
• Constraints on the implementation of the project: Before a procurement 
strategy is selected, the sub-criteria affecting the implementation of the 
project are contemplated including government regulations (eg, cannot 
obtain a planning permit), resource availability ( eg, labour, construction 
financing), geographic location of the project ( eg, mobilisation) and public 
issues (eg, environmental impacts). 
• Procurement strategy: The different p rocurement strategies influencing the 
characteristics of the owner are, for example, lump sum, reimbursable cost, 
design and build, construction management, time and material and unit price. 
After all criteria meaningful to the process are selected, a hierarchy of the 
criteria describing the prequalification Is developed. The hierarchy 
systematically supports the measurement of each criterion. 
• The contractor. After the criteria important to the prequalification process are 
chosen based on the characteristics of the owner, the data pertinent to the criteria 
from the contractors who are willing to be qualified are gathered. The data may 
be obtained from inside or outside the contractor's organisation. The inner data 
consist of monthly progress reports, performance evaluation reports and 
comments from other owners. 
The outer data are gathered by a questionnaire completed by the contractor 
providing the information: the company organisation, a list of past projects 
executed, a current balance sheet, a list of current projects under construction, 
experience of key personnel and references such as banks, trades, insurance 
companies, previous clients. 
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By asking several questions from the above references, the weaknesses and 
strengths of the contractor can be assessed. However, if the above references are 
biased and if the list of references is limited to the advantage of the contractor, 
careful consideration must be taken. Other sources include: 
• credit rating sources (eg, a credit rating service company report) 
• inspection of the contractor's home office and current sites. The inspection 
can reveal the operation of the contractor and the legitimacy and stability of 
the contractor in the business. 
• The decision. A decision is made based somewhat on currently used techniques 
and on the bias of the decision-maker as follows. 
• Decision techniques. There exist five techniques in the USA. 
(a) Dimensional weighting 
• After the decision criteria and sub-criteria are determined based on 
the characteristics of the decision-maker, their weights of relative 
importance are stated. 
• Then, the selected criteria of each contractor are measured, and 
scores are used to communicate their amounts. 
• Next, the scores and their corresponding weights for all the criteria 
are multiplied together. 
• After that, the results of the multiplication for each contractor are 
aggregated into one overall score. Then, the abilities of the 
contractors can be ranked according to their scores. 
• Lastly, a simple rule is set up by specifying a number as a threshold 
that each contractor's score must reach in order to pass the 
prequalification. 
This technique can compensate for a contractor's scores amongst all 
criteria. That is, even if a contractor gets a low score from a criterion, 
the low score can recompense his high scores obtained from other 
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criteria. As a result, this contractor may be qualified even if they obtain 
a rather low score from an important criterion. 
(b) Two-step prequalification 
• The first step i s to s elect crucial criteria that must b e satisfied. If 
contractors do not satisfy any of these criteria, they will be rejected 
from the tendering process. However, if successful at the first step, 
the contractors will continue to be qualified in the second step. 
• The second step does the same as the dimensional weighting 
technique. 
This technique can quickly exclude unqualified contractors, and then 
the decision-maker concentrates only on the qualified contractors. On 
the other hand, this technique may exclude some outstanding 
contractors. This is because some outstanding contractors may have 
good characteristics in the criteria which are not considered in the first 
step (Russell and Skibniewski, 1988). 
(c) Dimensionwide technique 
• After the prequalification criteria are selected, they are formulated 
as a hierarchy with respect to their descending order of relative 
importance. 
• Next, the highest criterion in the hierarchy (reflecting the most 
importance) is qualified by using the last step o f the dimensional 
weighting technique. 
• After that, the next highest criterion is qualified. This repeats until 
all the selected criteria are qualified. 
This process stops whenever the contractor does not satisfy any 
criterion in the hierarchy. 
(d) The prequalification formula. The aim of the formula is to diminish the 
bias of the decision-maker against any particular contractor. In using this 
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technique, the decision-maker sets up a formula to quantify the 
maximum capability of the contractor. This capability (based on the 
financial criterion) indicates the maximum amount o fa job or project 
that the contractor can execute at a specific time. However, the final 
formula may be tailored by other criteria such as organisation and key 
personnel, planning and equipment, credit and past performance. 
(e) The subjective judgment. Performing subjective judgment is a rather 
unstructured approach. The bias of the decision-maker may affect the 
final decision. This possibly leads to bias in qualifying the contractors. 
• Decision bias. Besides the previous five techniques, many biased items 
influence the final decision in the prequalification process. The explanation 
of the causes and effects of such bias makes the practical p requalification 
decision-making understandable. The causes of the bias come from either 
inside or outside the owner's organisation as follows: 
• Owner's preference: The previous working relationship between the 
owner and a contractor guide the preference of the owner. That is, if the 
contractor understands the owner's needs and how the owner performs 
work, trust or distrust between the two parties may develop. This trust or 
distrust possibly leads to bias in qualifying contractors. 
• Owner's risk attitude: The risk attitude of management influences the 
prequalification process performed and the rigour of the criteria 
employed. 
• Organisation infrastructure: The more complex the organisation, the 
more the bias tends to occur. This may be because many individuals are 
involved reflecting many conflicting objectives. 
• Resource constraints: The lack of either financial capability or personnel 
expertise of the owners leads to bias in prequalification. 
• Owner's personnel. If the owner's personnel or representatives have not 
enough capability, assessment of contractor's ability maybe improper 
perhaps resulting in an incorrect decision. On the other hand, if the 
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contractor's personnel form good relationships with the owner's 
personnel or representatives, this contractor tends to succeed in 
prequalification. 
• Construction technology: The owner tends to prefer the contractor who 
uses technology that the owner trusts. 
• Economic condition: The details of the prequalification process and the 
rigour of the criteria employed vary with market conditions. 
• Government regulations: Failure to comply with government regulations 
makes the contractor unsuccessful in prequalification. 
2.2.2.2 Advantages and limitations 
There are several advantages and limitations of undertaking prequalification for both 
owners/clients and contractors (Hatush, 1996; Liston, 1994ab, 1999; Russell and 
Skibniewski, 1988). 
• Advantages 
• Reducing owners risk by obtaining the qualified contractor to do a specified 
project 
• Ensuring the owners/clients' objectives are satisfied such as minimising cost, 
minimising time, improving quality, and improving safety 
• Reducing time and cost of the following process of tender evaluation 
• Saving expense in preparing bids of unqualified contractors 
• Preventing incapable contractors from being involved in tendering 
• Possibly reducing losses for the surety bonding companies due to contractor 
failure 
• Encouraging reputable contractors by increasing their chance of success 
• Reducing the chance of loss of suppliers resulting from contractors going 
into liquidation 
• Limitations 
• Increasing additional cost and time in performing prequalification, which 
result from the preparation of prequalification documents. 
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• Possibly resulting in higher bid cost due to the reduced number of tenderers. 
This is perhaps because the more the number of tenderers, the more 
competitive in bidding. Two possible reasons why the bid cost is forced 
down when many competitors exist: "one being due to estimating variability 
and the other being price cutting" (Harris and McCaffer, 1983). 
• Prohibiting new contractors who have little experience in a specified project, 
if past experience is considered important to the project. 
2.2.2.3 Prequalification process 
2.2.2.3.1 Selecting objectives 
Different owners/clients use different techniques resulting from different objectives. 
The objectives also affect the selection/development of criteria and their weights of 
relative importance. However, the project objectives are the most influential to the 
prequalification process, which always differ between projects and owners/clients 
(Russell and Skibniewski, 1988). 
2.2.2.3.2 Selecting/developing criteria 
Criteria meaningful to the prequalification process can be developed by, for example: 
• finding the degree of importance placed on the criteria from prequalification 
practitioners through a questionnaire or individual interviews; then statistically 
analysing their degree of importance to determine the most meaningful criteria. 
• developing the criteria as a hierarchy based on the knowledge base of a group of 
prequalification practitioners. Then, the hierarchy of the criteria is verified by 
another group of practitioners. 
However, there is no universal acceptance for a set of prequalification criteria. These 
criteria may be subdivided into lower criteria as a hierarchy, which aims at 
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measurement. The meanings of these criteria become clearer when moving down 
through the hierarchy. 
2.2.2.3.3 Gathering data from candidate contractors 
The data relevant to the selected/developed criteria can be obtained from inside and 
outside the contractors' organisations, for example, monthly progress reports, 
performance evaluation reports, comments from other owners, a questionnaire 
completed by the contractors, credit rating sources, inspection of contractors' home 
office and current sites, banks, trades, insurance companies and previous clients. 
However, the level of difficulty for data acquisition varies largely with the desired 
level of information reliability of the decision-makers and with the accessibility of 
data sources (Russell and Skibniewski, 1988). 
2.2.2.3.4 Evaluating the contractor data against the criteria 
In this step, multiple decision-makers always involve (1) assessing the value of each 
selected criterion for each contractor and (2) assigning weights of relative importance 
to the criteria. 
To assess the value of each criterion, the decision-maker has to deal with the issues 
of measurement difficulty, conflicting direction of improvement and non-
commensurate ability for interrelating all criteria - the interrelation or modelling are 
reviewed in Section 2.4. To cope with these issues, various researchers (eg, 
Diekmann, 1981; Hatush (1996), Hatush and Skitmore (1998) and Liston (1994ab) 
suggest different models in which uncertainty is included. 
The weights of relative importance are always assigned to the criteria. These weights 
depend on specific conditions of the project (Russell and Skibniewski, 1988) and the 
decision-maker's preference. These weights can be obtained by, for example: 
• directly stating preference by asking subjective questions 
• performing regression analysis by asking less subjective questions 
• performing a pairwise comparison using trading-offbetween criteria. 
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2.2.2.3.5 Qualifying/ranking the contractors 
As a result of the previous step, a contractor may be qualified or unqualified. The 
qualified contractors can be ranked according to their ability (outputs from the 
previous evaluation). 
2.2.3 Tender evaluation 
Tender evaluation is the process of selecting the best contractor from many invited 
contractors to complete a project specified by the owner or their representatives 
(Nguyen, 1985). This process may be performed with or without prequalification. 
2.2.3.1 Tender evaluation procedures 
If owners/clients wish to enter into contracts with contractors in order to obtain the 
construction of facilities, the owners have first to arrange to obtain tenders from the 
contractors. Tenders are invited in one of the three broad procedures (Liston, 1999). 
• Open tendering. This procedure allows any contractors to submit a tender for a 
project. This procedure also involves an owner/client or their representatives 
placing a public advertisement in the national and/or technical press, giving a 
brief description of the project and inviting contractors to apply to the 
owner/client or to their representatives for the contract documents before making 
a bid. This invitation does not bind the owner/client to accept the lowest or any 
tender (Liston, 1999). In this procedure, tenders will be evaluated after all tenders 
are submitted. This procedure can be subdivided into the following steps: 
• inviting tendering 
• receiving tenders 
• evaluating tenders (usually based on the lowest bid) 
• pre-award meeting (including price negotiation) 
• awarding a contract. 
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• Selective tendering. This procedure consists of drawing up a short list of 
contractors that are known to have the appropriate qualifications to carry a 
project. Such a list can be drawn up from the experience of the owner/client and 
their advisers or from prequalification. This procedure can be subdivided into the 
following steps: 
• inviting contractors for entry to a short list 
• receiving contractors' data 
• prequalifying the contractors (optional) 
• having a short list of contractors 
• inviting tendering 
• receiving tenders 
• evaluating tenders (usually based on the lowest bid) 
• pre-award meeting (including price negotiation) 
• awarding a contract. 
• Negotiated tendering. The essence of this procedure is that an acceptable tender 
is arrived at by negotiation between a client, consultants and a single contractor 
without necessarily obtaining competitive tendering. Because this procedure 
involves high subjective judgment, it will not be further investigated in this 
research. 
2.2.3.2 Competitive bidding concepts 
In the USA, the concept of competitive bidding is deeply rooted (Herbsman and 
Ellis, 1992). This concept has been in practice in New York since 1847 (Harp, 1988). 
Also in the UK, this concept is currently used (Holt eta/., 1993). The lowest bid 
system is the basic idea behind this concept. However, selecting the lowest bid price 
does not mean selecting the lowest cost for completing the work. The problems of 
unreasonably low bids, bid rigging, unqualified contractors and so on have happened 
during the last two centuries (Herbsman and Ellis, 1992). In response to such 
problems, modifications to this system have been introduced (Moselhi and 
Martinelli, 1990). These two (lowest bid and modified lowest bid) concepts are 
explained as follows: 
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• Lowest bid concept. The concept is to guarantee that the public obtain the high 
benefit of fair and free competitive bidding at the lowest price offered (Herbsrnan 
and Ellis, 1992 after Cohen, 1961; Netherton, 1959). S orne advantages of this 
concept are (Hatush, 1996): 
• preventing mismanagement by officials 
• proving that money is spent as a consequence of fair and free competition 
• protecting the public from corruption by officials. 
However, disadvantages ofthe concept are: 
• the lowest bid prices do not mean the lowest cost at completion 
• the lowest bid prices might result from misconceived bid analysis 
• the lowest bid prices might not be the most realistic bid (Merna and Smith, 
1988). 
• Modified lowest bid concept. This concept suggests that the best bid is the most 
reasonable one, not the highest or lowest one, but the one closest to some average 
(Herbsrnan and Ellis, 1992). This concept is used in several countries in Europe 
such as France and Portugal (Herbsrnan and Ellis, 1992). Also, variations of this 
concept exist. 
However, Wong et al. (2001) have conducted a survey in the UK to find the owner's 
preference for multicriteria or for lowest bid price in selecting the best contractor. 
The survey concludes that the UK construction industry is moving towards 
considering multicriteria as they perform tender evaluation rather than c onsidering 
lowest bid price alone. This opens a way for developing multicriteria approaches in 
tender evaluation. 
2.2.3.3 Types of tendering 
In the UK, Hatush (1996) found that prequalification is deemed compulsory. All 
contractors have to be qualified before being awarded any contract. There exist two 
broad types of tendering according to time horizon. 
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• Standing list tendering where contractors are invited for a project from a standing 
list of competent contractors who wish to tender for the project; this is done 
every 1, 3, and 5 years. 
• Project tendering where contractors are invited from a short list of competent 
contractors; this is done for every project. 
Here, regardless of the timing of the prequalification, the two types of tendering 
function similarly to reduce the number of contractors and then the cost of 
unsuccessful tenders. 
2.2.4 Discussion 
Although several countries have modified the lowest bid system, the approach still 
focuses only on cost criterion. This possibly leads to the selection of an incompetent 
qualified contractor to complete a project. As a result, the problems of extensive 
delays in the planned schedule, cost overruns, low quality of work and an increase in 
the number of claims and litigation have still occurred (Herbsman and Ellis, 1992). 
Furthermore, workmanship suffers and more supervision from the owner is required 
(Antill and Farmer, 1991). Recognising these problems, several researchers (Hatush, 
1996; Hatush and Skitmore, 1997abc, 1998; Herbsman and Ellis, 1992; Liston, 
1994a 1994b, 1999; Nguyen, 1985; Russell, 1990; Russell and Skibniewski, 1988, 
1990; Russell et al., 1990; Russell 1996) have introduced multicriteria such as cost, 
time, quality, safety, past performance, resources, and procedure, to evaluate tenders. 
However, the use of these multicriteria models is still at the academic level and is not 
available to normal practitioners. 
Moreover, in practice multiple decision-makers participate but few existing models 
for tender evaluation can handle multiple decision-makers. These decision-makers 
have different interests and judgments regarding the relative weighting due to their 
different experience, background, and attitude towards risk and uncertainty. 
Sometimes, the problem of selecting a contractor changes to the problem of arguing 
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between these multiple decision-makers about what weights should be given to the 
selected criteria. 
In conclusion, tender evaluation is faced with two main issues: 
• multiple criteria which have: 
• measurement difficulty, conflicting direction of improvement and non-
commensurate ability. 
• different weights of relative importance 
• multiple decision-makers which assign different 
• weights of relative importance to the same criterion 
• values to the selected criteria for each contractor. 
However, there is a limitation in considering the involvement of multiple decision-
makers in existing models. Therefore, the limitations of these tender evaluation 
models will be further analysed (in Section 2.4) to enable a survey of the tender 
evaluation procedures, criteria and actual models that industry employs to develop a 
realistic working model for tender evaluation to be determined. 
2.3 Criteria for tender evaluation 
2.3.1 Introduction 
As mentioned in Section 2.2, tender evaluation is a decision-making process 
concerned with a variety of criteria. The key criteria suggested by the NPWC/NBCC 
joint working party (No Dispute, 1990) in the selection of a contractor are: (1) the 
selection must be fair and equitable, (2) the competition must be fair to all parties, (3) 
the tenderer should meet a predetermined minimum standard before tendering, (4) 
the tender document should be clear and concise, and ( 5) a system should be 
available whereby a contractor can demonstrate ability to perform. The last statement 
leads to development of a model which is concerned with a range of criteria. 
The criteria developed should support the success of the project, or at least support 
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the screening of the candidate contractors. In practice, the criteria are subdivided into 
lower criteria, and then further subdivided into lower criteria and so on. This 
subdivision creates a hierarchy of criteria. However, the criteria selected by various 
owners are different. Furthermore, when these criteria are subdivided into lower 
criteria as a hierarchy, the hierarchy is rather diverse - that is, for example a criterion 
may be located on different levels of the hierarchy developed by different owners. 
This diversification of hierarchies has been shown in various works of, eg, Hatush 
(1996), Hatush and Skitmore (1997b), Liston (1994ab, 1999), Russell and 
Skibniewski (1998), Russell eta/. (1990, 1992). 
Consequently, a main question arises. Is it possible to develop common criteria for 
industry in order to achieve the same objectives? If yes, repetitive effort will be 
reduced. This section will review the published work on prequalification criteria and 
tender evaluation criteria including measurement issues relating to these criteria. This 
section also introduces some of the theory of hierarchy, multilevel, systems to be 
used as a basis for developing a hierarchy of criteria for tender evaluation, which 
then enables the development of a hierarchy of tender evaluation criteria for the 
following questionnaire survey. 
2.3.2 Prequalification criteria 
In some countries, investigators have suggested prequalification criteria to evaluate 
the ability of contractors to satisfactorily complete a contract if it is awarded to them. 
In Japan, there are 5 ranking levels for contractors that will dictate the value of a 
project that the company is allowed to bid for. The factors affecting the ranking are 
average of the annual construction volume, stockholders' equity, number of 
engineers, current ratio (liquid assets: current liabilities), fixed assets to stockholders 
equity, net profit of total assets, number of years in business (Liston, 1999). 
In the USA, Russell and Skibniewski (1990) suggested two different sets of criteria 
for public and private owners. The set of criteria for public owners consists of: 
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• Performance looking at record of failure on past projects, past performance, 
quality performance, project management capacities, staff available, control 
procedure over work performance, safety performance 
• Type of contract looking at experience record, company organisation, equipment 
resources 
• Capacity for assuming new projects looking at capacity of firm, capacity to add 
to this project, manpower resources 
• Location looking at location of home office, experience in geographical location 
of the project 
• Percentage of work performed looking at amount of work performed with own 
work force 
• Third party evaluation looking at evaluation of references, bonding capacity 
• Financial capacity looking at financial stability 
The set of criteria for private owners is as follows: 
• Management looking at control procedure over work performed, staff available, 
project management capacities, company organisation 
• Safety looking at safety performance and substance abuse policy 
• Location looking at location of home office, experience regarding geographic 
location of the project 
• Performance looking at evaluation of references, past performance, quality 
performance 
• Resources looking at manpower resources, equipment resources, amount of work 
performed with own forces 
• Financial and experience looking at financial stability, experience record 
• Failed performance looking at record of failure on past projects 
• Bonding looking at bonding capacity 
• Capacity for assuming new projects looking at capacity of firm, capacity to add 
to this project. 
Later on, Russell (1990) and Russell eta/. (1990) developed an expert system which 
suggested different criteria: 
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• References/Reputation/Past performance. This criterion (group of criteria) is of 
the highest priority. That is, the complete data to evaluate a contractor on this 
criterion have to be given by the contractor, if not, the contractor is disqualified 
from tendering. The criterion is subdivided into numerous lower criteria 
including reference evaluation; debarment; engagement in fraudulent action; 
failed contract; length of time in business; type of project performed in the past; 
the biggest project performed; capacity of contractors; bonding decision; bond 
cost as a percentage of project cost and union/open-shop consideration. 
• Financial stability. The construction industry commonly operates under 
uncertainty. Therefore, the criterion of financial stability is crucial in that it 
secures the proposed project against unfavourable events. However, the nature of 
the industry is that there is often a limited amount of cash to deal with 
unfavourable events. In addition, some contractors run their business without 
knowing their financial stability. They only know they have financial problems if 
their business experiences difficulties. This criterion considers lower criteria as 
follows: 
• Credit rating: The sub-criterion shows the level of external financial 
requirements and the experience of cash-flow difficulties oft he contractor. 
The information from trade suppliers, agents of credit-rating service, and 
credit reports helps to estimate this sub-criterion. 
• Banking arrangements: When the contractor does not have sufficient 
operating costs due to the lag between expenditures and payment received, 
the banking arrangements can supply financial resources for the contractor to 
continuously execute the project. Often, the contractor is not given credits to 
supply a loan. This causes the contractor to experience difficulties in 
continuously executing the project. 
• Financial statement: This sub-criteria is further described by: 
• Items related to the preparation of the financial statement of the 
contractor: the items, for example, are estimated by measures such as the 
number of accounting partners in the last 5 years, and the length of the 
relationship between the contractors and accounting agents. 
• Items impacting on the evaluation of a financial statement: the items, for 
instance, are estimated by measures such as adequate insurance coverage, 
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litigation in progress, unpaid umon dues, and engagmg m business 
ventures unrelated to construction. 
• The financial data contained within the statement: The data are described 
by ratio analysis. This ratio analysis is subdivided into: solvency, 
reflecting the contractor's ability to satisfy short and long term 
obligations; efficiency, reflecting the manner in which the contractor 
employs and controls their assets; profitability, reflecting the success of 
the contractor in business. 
• Status of current work program. This criterion estimates the existing work 
program as to whether it affects the achievement of the project being prequalified 
for. To further describe this criterion, two sub-criteria are selected: work under 
contract and bids waiting for award. 
• Technical expertise. This criterion estimates candidate contractors' key 
management of their personnel and companies, and project management. This 
estimation shows both the availability of the basic technical knowledge, and 
experience and understanding of the requirements of the proposed project. This 
criterion is described by: 
• Company officers and key personnel 
• Work experience 
• Past performance 
• Company procedures consider company planning, estimating/bidding 
practices, staffing and managing projects, subcontractors administration, 
equipment maintenance program, purchasing and union agreements 
• Project control procedures consider the following sub-criteria: scheduling 
techniques, cost reporting and control systems, quality control systems and 
safety programs. 
• Project-specific criteria. This criterion should be clearly understood by the 
decision-maker because this criterion can be used to investigate the consensus 
between the decision-maker and the contractor on: 
• location consideration 
• special equipment required 
• long lead items (special heating, ventilating, and air conditioning equipment) 
• construction of a plant that requires technology unfamiliar to contractors 
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• percentage of minority participating (disadvantaged business enterprise) on 
the project 
• difficult working conditions 
• labour or material intensive projects 
• union-labour-agreement abnormalities 
• performance standards demanded 
• union-labour contract renewal date, considered future labour rate growth and 
its effect on cost 
• hazardous materials 
• project constraints such as schedule, environment, traffic, and weather. 
Another work by Russell eta!. (1992) proposed a set of criteria for prequalification: 
• Financial stability looking at credit rating, banking arrangements, bonding 
capacity and financial statement 
• Experience looking at success of completed projects, size of completed projects, 
number of similar completed projects and types of projects completed 
• Information obtained from references looking at review of reputation and ethics 
of contractors, willingness to resolve conflicts and problems, change order 
frequency, schedule performance and number of times claims having gone to 
litigation 
• Past performance looking at actual quality achieved (within specifications), 
actual schedules achieved, the number of times contractors have met the cost, 
quality and schedule 
• Capacity of firm looking at last year's construction volume in dollars, 
construction volume dollars averaged over the 1 ast 3 years, current backlog of 
work in dollars, percentage of current backlog that an additional job represents, 
this year's employment (number of people), employment averaged over the last 3 
years, employment trends and fluctuations, staff available for this specific project 
and the number of professional personnel 
• Project control procedure looking at type of control procedures, type of safety 
program, type of cost control and reporting system, type of scheduling system, 
type of quality program, sophistication of control procedures, previous 
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expenence with these procedures, and 'your' judgment as to whether 
management is able to use the procedures effectively 
• Location of home office looking at home office location relative to job site 
location 
• Geographic location ofproject looking at contractor's familiaritywith weather 
conditions, contractor's familiarity with local labour agreement, contractor's 
familiarity with local politics, market conditions of the geographic area and 
contractor's familiarity with subsurface characteristics 
• Safety looking at the existence of a contractor safety program and director, 
contractor's experience modification rate (EMR) for the last 3 years, information 
from OSHA log 200 accident reports, apparent management awareness of safety 
issues in the contractor's organisation, and contractor's faithfulness in conducting 
tool box meetings 
• Project management capacities looking at key personnel experience including the 
number of years in construction and the projects worked on, complexity of past 
projects, appropriateness of project organisational chart, track records of quality 
ofj ob (length o fp unchlist), track record-schedule, track record-cost, ability to 
deal with unanticipated problems, amount of decision-making authority in the 
field and amount of work performed with own forces on past projects 
• Labour resources looking at the amount of 1 abour available, quality of 1 abour, 
existence of effectiveness of company training program and whether the 
contractor is union or non-union 
• Company organisation looking at type of ownership ( eg, partnership, corporation, 
sole owner. .. ), number of years in construction, contractor's licenses held (by 
state and/or by category of work), number of failures to complete a contract and 
appropriateness of company organisational structure 
• Company resources looking at type of equipment, size of equipment, condition of 
equipment, availability of equipment and suitability of the equipment for this 
project. 
In the UK, Hatush (1996) and Hatush and Skitmore (1997b) proposed five criteria 
for prequalification: 
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• Financial soundness considering financial stability, credit rating, banking 
arrangement and bonding, and financial status 
• Technical ability considering experience, plant and equipment, personnel and 
ability 
• Management capability considering past performance and quality, project 
management organisation, experience of technical personnel and management 
knowledge 
• Health and safety considering safety, experience modification rating, occupation 
safety and housing administration OSHA incidence rate and management safety 
accountability 
• Reputation considering past failure, length of time m business, past 
client/contractor relationship, and other relationships. 
In Australia,proformas have been developed by CIDA (1993) to collect information 
from contractors with respect to the criteria: technical capacity, financial capacity, 
quality assurance, time performance, occupational health and safety, human resource 
management and skill formation. 
On the other hand, NPWC/NBCC (No dispute, 1990) suggests that to qualify 
contractors requires the information for initial acceptance which should then be 
updated annually: a minimum oftwo years' profitable operation, financial details, 
technical capacity, plant, machinery and staff resources, a list of current contracts. 
In order to attempt to undertake the investigation in s orne realistic manner, seven 
criteria and proformas to collect information with respect to these criteria are 
provided by Liston (1994ab, 1999). These criteria are: 
• Past performance considering the contractor's reputation within the industry, the 
reputation with unions, subcontractors and suppliers, the past performance for 
"your" company and others, the completion record, communication ability and 
specialist knowledge base 
• Business considering the location of the contractor's offices, the business 
activities both base and ancillary, geographical knowledge, sibling relationships, 
34 
Chapter 2 Literature review 
the ability to joint venture successfully, and joint ventures 
• Capacity considering current contract values, previOus contract values, 
outstanding tenders and personnel resources 
• Financial considering legal entity, credit rating, financial ratios and banking 
arrangements 
• Resources considering management, personnel ability, equipment availability and 
peak loading capacity 
• Procedures considering overall procedures, responsibility matrix, control 
procedures, procurement procedures, engineering procedures and contract 
procedures 
• Quality Assurance considering company procedures, audit capacity and company 
expenence. 
The review shows that although several hierarchies of criteria for tender evaluation 
and prequalification have been proposed, there is no consensus on which hierarchy 
should be used for prequalification or tendering evaluation. It is believed that this is 
because those hierarchies have not been developed corresponding to the hierarchy of 
an organisation. 
2.3.3 Tender evaluation criteria 
Various criteria used for prequalification are reviewed in the previous section. In this 
section, the criteria used for tender evaluation will be analysed. Practically, tender 
evaluation criteria just add cost criterion to prequalification criteria in order to select 
the best contractors. 
In selection of contractors for a hybrid unit price cost-plus contract, Diekmann 
(1981) looked at four criteria, namely, cost exposure, company stability, quality of 
product, and management capacity. These criteria were subdivided into lower criteria 
as a hierarchy. Here utility is used to communicate the value of these criteria. 
In addition, three criteria: cost, experience, and performance, were selected by 
Nguyen (1985). In his study, the non-commensurate issue is handled by fuzzy sets. 
Furthermore, in the selection of a contractor in highway construction contracts, 
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contract cost and time are suggested by Ellis and H erbsman ( 1991 ). In this work, 
contract time is converted to cost by a conversion factor ( eg, $7000/day). Later on, 
Herbsman and Ellis (1992) explained the concept of multiple criteria in a bidding 
concept in order to select the best contractor. Based on their experience, they 
suggested four criteria: cost, time, quality, and safety. To handle the non-
commensurate issue amongst criteria, the last three criteria were converted to 
monetary value through the weights derived from trading off between these criteria 
and cost. 
Although these researchers suggest different criteria, in common, cost received the 
highest priority. 
2.3.4 Measurement of criteria 
Measurement clarifies the meanings of criteria (Keeney, 1982). This usually leads to 
the creation of a hierarchy of these criteria. Also, the measurement is concerned with 
how to obtain information related to these criteria which is not focused on by this 
research. 
When the criteria are subdivided into lower criteria, it may be that these criteria are 
rather loose or variously interpreted so they need to be described by lower criteria or 
descriptions for unambiguous communication. Practically, the criteria are subdivided 
until they are measurable (Keeney and Raiffa, 1976). If "too much" subdivision 
happens, finding the interrelation amongst a number of these subdivided criteria is 
difficult for modelling. However, if the lowest criteria being measured are still 
unclear, misinterpretation may occur. How much subdividing is proliferated depends 
somewhat on the sufficiency of the lowest criteria (in the hierarchy) to describe the 
higher criteria or the problem, the ability to analyse all the lowest criteria or to 
formulate a model, the decision-maker's judgment. 
To conclude, the criteria can be measured by: 
• themselves. That is, the criteria are objective (eg, cost and time) so they can be 
easily measured. 
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• a hierarchy of criteria. That is, the decision-maker wants to more clearly describe 
the higher criteria by proliferating them into lower criteria. 
• subjective indices such as scores and utilities. That is, the decision-maker directly 
assigns constructed scales to the criteria in order to quantify them. 
• proxy attributes. That is, the decision-maker indirectly measures the qualitative 
criteria by measuring the attributes that possibly closely describe the criteria. 
2.3.4.1 Issues of multicriteria measurement 
A previous review of the literature shows that the three main issues of multicriteria 
measurement in tendering evaluation are: 
• Measurement difficulty. Some criteria have standard used scales that are widely 
accepted such as cost having "dollar" and time having "day." Whereas others 
have no standard scales such as quality and safety so they need constructed scales 
( eg, 1-1 0) for measurement. The idea of utility is helpful in handling this issue 
(review in Section 2.4.2.2.4). 
• Conflicting direction o f improvement. The directions o f improvement o f s orne 
criteria are opposite. For example, one wants to minimise cost and time but 
increase quality and safety. Again, using the idea of utility can solve this issue. 
• Non-commensurate ability. Most criteria have different scales. To interrelate the 
criteria, assigning the same scale to all the criteria is necessary. 
2.3.4.2 Scales 
Before any scale is assigned to each criterion, the consciousness of measurement 
difficulty, conflicting direction of improvement and non-commensurate ability along 
with how to interrelate the criteria should arise. In practice, to solve all the issues a 
consistent scale is constructed and then assigned to all criteria. For example, in the 
problem of whether to bid or not, Ahmad (1990) assigned numbers between 0 and 
100 to all criteria to avoid non-commensurate ability. To interrelate all criteria, 
weights were assigned to all criteria, which were derived from pairwise comparison 
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through asking the subjective question - "How much less (or more) important is the 
second criterion than the first?" The pairwise comparison was simply done by 
comparing and asking the question between two criteria. Then, the weights of 
relative importance between the two. were articulated. This was repeated until all 
criteria were paired off and compared. 
On the other hand, Seydel and Olson (1990) introduced the concept of the tendering 
process as a continuous process until the percent mark-up selection. The purpose of 
this work was to select percent mark-up whilst multiple criteria were considered. 
They measured the multiple criteria by their weights - numbers between 1 and 9 -
derived from the preference of the decision-maker. 
In the selection of a contractor for cost plus contracts, Diekmann (1981) uses utility 
(ie, 0-1) to communicate the quantities of the selected criteria (ie, cost exposure, 
company stability, quality and management capacity). Here, these criteria are 
subdivided into two levels and weights are assigned to all levels to link these criteria. 
2.3.5 Discussion 
To support the success of the project or the screening of the candidate contractors, a 
set of meaningful criteria, a form of gathering data according these criteria and an 
approach for evaluating abilities of the contractors are necessary. In this section, the 
development of such a set of meaningful criteria is the main concern. 
The review shows that although cost is still the most important criterion in tender 
evaluation, there is no consensus on a common set of (prequalification and tender 
evaluation) criteria. That is, different organisations/researchers use/suggest different 
sets of criteria. Thus, the first research aim is to develop a common set of criteria. 
Nevertheless, what the criteria do have in common is that they are always in the form 
of hierarchy, in which the higher the levels of the criteria the more important they 
are. This is shown in the works of Hatush (1996), Hatush and Skitmore (1997b), 
Liston (1994ab ), Russell and Skibniewski (1998), Russell et a/. (1990, 1992). 
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Even though most researchers suggested the (prequalification and tender evaluation) 
criteria in a form of a hierarchy, all do not consider the physical hierarchy of 
organisations. This leads to a limitation of understanding potential success in 
designing hierarchical systems. These systems have been explained by the theory of 
hierarchy, multilevel, systems developed by Mesarovic eta/. (1970), which suggests 
that any designed systems should be compatible with hierarchical organisational 
units and decision-making process. 
An extension and application of the theory can be found in Anandalingam (1988), 
Dericx eta/., (1973), Jennergren (1974, 1976), Mahmoud (1977) Nachane (1984), 
Singh (1977), and Sundareshan (1977). The writer believes that if a hierarchy of the 
criteria is developed based on this theory, a common set of criteria will appear. This 
theory was used as a basis for the questionnaire design in Chapter 4. The following 
section is a discussion of the theory. 
2.3.6 Theory of hierarchy, multilevel, systems 
When a system is large and complex*, analysing it as an undivided system often 
involves great difficulty. This is partly because human capacities and tools such as 
computers and existing techniques are limited. To reduce the difficulty, therefore, the 
theory of hierarchy, multilevel, systems has been developed from organisational 
theory. This theory offers an alternative approach to analyse such large and complex 
systems. 
The basic concept of the theory for solving multicriteria decision problems is applied 
by subdividing a (large and complex) problem into hierarchical subproblems. Each 
of the subproblems can be designed more simply and is easier to solve, eg, with less 
criteria or variables, than the original problem. However, to keep the subsolutions of 
the subproblems as a solution of the original problem, some parameters are selected 
always by higher level units to coordinate all the subproblems. If the appropriate 
• Due to the difficulty of measuring the largeness and complexity, the largeness and complexity can be 
described by a number of components in the system, the coordination amongst each component, the 
existence of conflicting criteria amongst each component, and the uncertainty of environment 
(Mahmoud, 1977). 
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parameters are selected to capture this coordination, all the subsolutions of the 
subproblems will collectively comprise a solution to the original problem. 
2.3.6.1 Characteristics 
Some basic characteristics of the theory are: 
• Vertical arrangement: any problem consists of a set of hierarchical subproblems, 
and decision units are assigned at every subproblem. The information such as 
parameters and feedback is always exchanged between any contiguous level. 
• Right o f intervention or priority of action: higher 1 evel units have the right to 
intervene in the activities of lower level units. This intervention, reflecting higher 
priority and higher objectives of the higher level units, may occur by 
modification of some parameters or procedures in the lower level units. 
• Performance interdependence: the success of the original problem depends on all 
subsolutions of subproblems. To reach this success, the subsolutions of the 
subproblems must be evaluated with respect to the overall objectives of the 
original problem, and then send feedback to the higher level units. If the result of 
this evaluation does not satisfy the overall objectives, an adjustment of the 
parameters or procedures, or even the overall objectives, must be performed. This 
adjustment process is iterated until the overall, or adjusted, objectives are 
optimised/satisfied. 
2.3.6.2 Success 
Two main activities that make the systems succeed are: decomposition of the original 
problem into subproblems; and then coordination of the decomposed subproblems. 
2.3.6.2.1 Decomposition 
Decomposition means an original problem is subdivided into subproblems. The 
decomposition is a matter of design; for example, how many levels and subproblems 
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should be generated and what the subproblems will be. However, it can be designed 
preliminarily based on, for example (Dirickx and Jennergren, 1979): 
• Organisational hierarchy: the original problem is decomposed according to 
existing, organisational subunits. If the subproblems decomposed are not 
corresponding to the hierarchy of organisational subunits - possibly leading to 
the limit of cooperation, the subsolutions obtained from the subproblems tend to 
be meaningless for the original problem. 
• Solution-searching or decision-making process: the original problem is 
decomposed in order to support the actual solution-searching process. If the 
subproblems are not compatible with this process - perhaps resulting in the 
acquisition of incorrect data, the original problem may not be able to be solved. 
Most likely, the decomposition should be designed preliminarily according to both 
existing organisational hierarchy and the solution process. In other words, the 
subproblems decomposed and organisational subunits should correspond, and this 
correspondence is then employed in the actual solution process. This can secure the 
success of solving the original problem at a certain level. 
2.3.6.2.2 Coordination 
After the original problem has been decomposed into hierarchical subproblems being 
in charge of any organisational subunits, these hierarchical subproblems must be 
coordinated together by the higher level units in order to make them equivalent to the 
original problem - actually there are interdependences amongst these subproblems as 
described in section 2.3.6.1. Such coordination is done by finding parameters for the 
intervention and feedback for the response of the subunits. The success of the 
coordination depends primarily on whether the parameters and feedback can be 
found. 
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2.3.6.3 Application of the theory to this research 
In the application of the theory to this research, the development of a hierarchy of 
criteria should be compatible with existing organisational units of contractors as is 
shown in the paradigmatic diagram in Figure 2. A main advantage of using this 
theory is that the hierarchy based on organisational units facilitates the tender 
evaluation if multiple decision-makers involve. For example, the evaluation of 
financial criterion can readily be given to the decision-maker from the financial unit 
and procurement criterion goes to one from the procurement unit. 
Contractor company To evaluate 
( eg, the executive board) 
Financial criterion 
Financial unit 
Lower criteria Lower criteria 
Lower unit Lower unit Lower unit 
Lower criteria 
A hierarchy of criteria A hierarchy of contractors' organisational units 
Figure 2 A diagram of a comparison between a hierarchy of contractors' 
organisational units and a hierarchy of criteria 
However, this hierarchy may differ between contractors because they have different 
organisational structures. In the light of such differences, in this research the 
developed model was flexible enough to adapt itself to the different organisational 
structures of contractors. This adaptation also offers the opportunity to include 
multiple decision-makers' preferences resulting from, eg, delivery system selected, 
type and size of project and scope of work. This enables the decision-maker to adjust 
the hierarchy of criteria to a specific situation. Furthermore, a computer interaction 
can be extensively applied to this adaptation. 
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2.4 Models for multicriteria problems 
2.4.1 Introduction 
Where a decision has to be made regarding choices, decision-makers have to deal 
with multiple criteria. In the analysis of multicriteria problems, a number of models 
have been suggested. The models have been developed from various fields including 
business, engineering, academia, planning and marketing (see Cohon, 1978; 
Goicoechea eta!., 1982; Haimes and Chankong, 1979; Haimes et al., 1975; Saaty, 
1982, 1994; Saaty and Alexander, 1989; Saaty and Kearns, 1985; Saaty and Vargas, 
1991, Szidarovszky et al., 1986). This is why so many models exist. All the models 
attempt to manage the issues of measurement difficulty, conflicting direction of 
improvement and non-commensurate ability, which require subjective inputs from 
decision-makers, in order to interrelate these criteria. 
In this section, all the models are classified into two groups based on disciplinary 
area: (1) optimisation approaches which are subdivided into two groups namely, 
(1.1) post-subjective input models and (1.2) pre-subjective input model; and (2) 
interactive approaches which are subdivided into three groups namely, (2.1) 
interactive optimisation models, (2.2) decision support systems, and (2.3) expert 
systems. The purpose of this classification is to address the inherent similarities and 
identify a state-of-the-art model for developing a realistic working model to solve 
multicriteria problems. This section also includes some multicriteria models that 
exist in the tender evaluation area. The following are structured according to this 
classification. 
2.4.2 Optimisation approaches 
Most problems have been solved by considering only one criterion, for example cost 
or time, since the early development of operations research. However, there has been 
an increased need to simultaneously consider more than one criterion in analysing 
problems such as water resources (see Cohon, 1978; Cohon and Marks, 1974; 
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Haimes and Chankong, 1979; Haimes et al., 1975; Major, 1974), industry, 
transportation, finance, academia, land use (see Goicechea et al., 1982), airport 
development (see de Neufville and Keeney, 1974), nuclear power plants (see Keeney 
and Nair, 1977), and forest problems (see Bell, 1977). To handle several criteria, 
multicriteria optimisation (where an ultimisation is required for more than one 
criterion) exists. 
Multicriteria optimisation (maximisation or minimisation) can be explained as a 
process of searching for a single measure of merit of a solution that is greater than 
those of other solutions. If, for example, a solution has the greatest utility when 
compared to others', the solution is optimal. However, knowledge and information 
are incomplete and limited. There are also cost, time, environment forces, technical 
advancement and implementation issues that constrain the effort spent in searching 
for the optimal solution. In addition, the capability of humans to formulate and solve 
complicated problems is usually, in reality, insufficient. Consequently, multicriteria 
optimisation can be achieved subject to constraints and limitations of a particular 
situation as shown in Figure 3. 
Criterion, Zz 
, 
, 
, 
, 
Direction of improvement 
\ /) The perfect optimal solution 
'-, ~The best solution 
' 
', A 
-----~~. ,,_ Non-dominated solutions 
' ' ' ' ------U 
u 
Criterion, Zt 
Figure 3 Multicriteria optimisation under constraints in criteria space 
(adapted from Zeleny, 1982: 65) 
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According to Figure 3, assume X' denotes the perfect set of solutions; then, 
maximisation of a constructed single objective (max U(Zh Z2)) obtains the solution 
having the highest value at point A, the perfect optimal solution. ill reality due to the 
constraints and limitations discussed earlier the perfect set of solutions will not exist. 
Then maximisation of a constructed single criterion will be done under the 
constrained set of solutions, X, and yield the new solution having the constrained 
highest value at point B, the best solution. 
Nevertheless, the existence of the optimal solution for mulcriteria problems is rare, 
which means in general there will be more than one solution for multicriteria 
problems. Such solutions are termed non-dominated solutions, non-inferior solutions, 
Pareto optimal solutions, productive efficient frontier, or even bargaining solutions 
or admissible solutions (Zeleny, 1982). An increase in value of any one criterion of a 
non- dominated solution can be achieved by sacrificing the value of at least one other 
criterion, which leads to using value trade-offs that reflect subjective judgment and 
personal difference. Any non-dominated solution selected as the final solution is 
called the best, best compromise, or preferred solution. The selection of any non-
dominated solution as the final solution requires subjective inputs from decision-
makers whilst these inputs are not necessary for single criterion problems. 
Many approaches have been suggested for finding a solution to multicriteria 
problems. All the approaches require subjective inputs although this occurs at 
different stages of the solution-searching process. What follows is a review of the 
literature classified into two groups according to the timing of stating subjective 
inputs: (1) post-subjective input models and (2) pre-subjective input models. This 
classification proposed by the writer permits us to address the similarities, 
differences, advantages and limitations of the various approaches, and leads to the 
identification of a state-of-the-art model. 
2.4.2.1 Post-subjective input models 
Here, subjectivity arises in the trading-off process as shown in Figure 4. That is, after 
all non-dominated solutions are obtained, the decision-maker trades off between 
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these non-dominated solutions in order to select the best solution. These trade-offs 
require subjective inputs from the decision-maker about how much of a criterion they 
want to sacrifice to gain at least one of the other criteria. 
Gathering data 
(according the 
selected criteria) 
Selecting objectives 
Searching non-dominated solutions 
(against the selected criteria) 
Selecting the best solution 
Figure 4 Solution-searching process showing post-subjective inputs 
2.4.2.1.1 Linear multiobjective programming 
Linear multiobjective programming attempts to find non-dominated solutions in 
association with the multiobjective simplex method (Zeleny, 1982). This 
programming operates directly on each objective to find whether an extreme solution 
is a non-dominated solution. This is repeated for all other extreme solutions until a 
set of non-dominated solutions are found. The preferred solution then is selected by 
trading-off the non-dominated solutions, which involves subjective judgment. 
A linear form of this programming can be written as follows (see Zeleny, 1974, 
1982): 
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L n 
(min) Z I ICjjXj 
i=l j=l 
m n 
with constraints gr(x) I I alj Xj = br 
r=l j=l 
where Z (Zt, ... , ZL) T is a vector of criteria 
x (x1, ... , Xn)T is a vector of decision variables 
X represents the feasible value set for variable x (x E X) 
Cij represents coefficients 
~ represents coefficients, indicating how much oft he r th resource must be 
expended per each unit of increase in Xj 
L is the number of objective functions 
n is the number of decision variables 
br is the values of the availability of the rth resource 
m is the number of constraint functions. 
An algorithm of this programming is as follows: 
• Linear multiobjective programmmg starts by exploring all extreme feasible 
solutions. This exploring can be accelerated by additional techniques such as 
Multiobjective Simplex Method, MSM, (see Zeleny, 1974, 1982). MSM IS a 
mathematical technique that analyses only extreme feasible solutions. 
• The MSM, then, tries to find non-dominated solutions from all the extreme 
solutions. That is, if the first non-dominated solution is found, the MSM 
technique will move to another extreme solution and analyse whether this 
solution is non-dominated or not. This will be iterated such that a set of non-
dominated solutions are found. 
• Lastly, as a set of non-dominated solutions are found, the decision-maker must 
trade off between these non-dominated solutions in order to select a final 
solution. 
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2.4.2.1.2 Compromise programming 
Compromise programming (Zeleny, 1982) is a further development of linear 
multiobjective programming. The programming is basically similar to the linear 
multiobjective programming but the ideal solution as a point of reference is set to 
facilitate the trading-off process. However, the trading-off process is still subjective. 
A mathematical form of this programming can be written the same as that of linear 
multiobjective programming. An algorithm of this programming is as follows: 
• Firstly, compromise programming performs the analysis of all feasible solutions 
by analysing only extreme feasible solutions, and then finds a set of non-
dominated solutions. 
• Secondly, the ideal solution is invented. It may be fuzzy in the early stage, but 
may become clearer later along the analysis. However, the ideal solution can be 
initiated by, for example, combining some extreme values from each non-
dominated solution. 
• Lastly, after a set of non-dominated solutions and the ideal solution are located, 
then the preferred solution is determined by selecting the non-dominated solution 
that has the shortest distance to the ideal solution. Any distance can be measured 
by, for example, Pythagorean measure. 
For an understanding of the programming, Figure 5 from Zeleny (1982) with minor 
modification demonstrates an artefact example of two conflicting criteria. 
According to Figure 5, assume the crosshatched area roughly indicates the bound of 
the conflict located between the ideal solution and non-dominated solutions. The 
larger the area, the more the conflict, when the area disappears, the conflict is 
resolved. The non-dominated solutions represented by the heavy line represent a 
region of compromise. If the final solution is selected from the non-dominated 
solutions, the conflict can be resolved. However, the conflict is not removed; it may 
not be reduced but it is suppressed by, for example, skills of (1) discussion, (2) 
negotiation, and (3) persuasion. The conflict may emerge again in the future. This 
means the conflict has not been resolved. 
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· L+·+-+·+·~···~ The bound of conflicts 
......... ,......... .. 
:·+:t:l 
··] ~. ---.. Non-dominated solutions 
X 
L. ...... XI 
Figure 5 Using the ideal solution to handle two conflicting criteria in variable space 
(adapted from Zeleny, 1982: 118) 
However, both types of programming perform on each objective directly. They do 
not pre-specify a set goal and assign weights to the objectives. As a result, the 
computations for non-dominated solutions are time-consuming if numerous variables 
are involved (Cohon, 1978; Goicoechea, Hansen and Duckstein, 1982). For example, 
in a problem where there are 7 criteria (objectives), 20 constraints and 50 variables 
the number of all extreme solutions can be up to 50!1(20! x 30!) = 4.71 x 1013 
solutions. This represents a limitation resulting from a significant computational load 
in finding a set of non-dominated solutions. Hence, this makes these types of 
programming the least attractive. 
2.4.2.2 Pre-subjective input models 
Here decision-makers have to state their subjective inputs before the optimisation 
process as shown in Figure 6. The subjective inputs can be stated in various foims, 
namely, a pre-specified set goal, weights and a utility function. Each model requires 
different forms of subjective inputs. 
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(according the 
selected criteria) 
Selecting objectives 
Generating solutions 
Searching non-dominated solutions 
(against the selected criteria) 
Selecting the best solution 
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Figure 6 Solution-searching process showing pre-subjective inputs 
2.4.2.2.1 Goal programming 
Goal programming attempts to set levels of aspiration or points of reference for the 
decision-maker to strive for. This leads to fixing a specified set goal for each 
criterion and trying to achieve the specified set goal as closely as possible or to 
minimise deviations from the specified set goal. 
In effect, all criteria are assembled into a constructed single criterion by fixing a pre-
specified set goal for each criterion as a point of reference. The solution selected as 
the final solution collectively minimises deviations from a pre-specified set goal. A 
linear form of goal programming can be written as follows (see Daellenbach, George 
and McNickle, 1983; Lapin, 1991; Steuer, 1986; Zeleny, 1974, 1982): 
L 
(min) Z = .L <dt+di-) 
i=J 
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with constraints XEX 
where dt = Z - ; denotes the deviations above a pre-specified set goal 
-
di- = z- Z denotes the deviations under a pre-specified set goal 
-
z is a pre-specified set goal. 
Goal programming can be broadly classified into two versions: pre-emptive goal 
programming and non pre-emptive goal programming. 
The algebraic form of pre-emptive goal programming is basically the same as goal 
programming. The main difference is that dramatically different weights are assigned 
to the deviations implying vastly different weights of relative importance of criteria. 
To obtain a solution, higher weight criteria are satisfied first, and then the lower 
weight criteria may be considered. In this programming, the selection of the pre-
emptive weights depends on the subjective judgment of the decision-maker. The 
constructed single criterion can be written in a linear form as follows (see 
Daellenbach, George and McNickle, 1983; Lapin, 1991; Steuer, 1986; Zeleny, 1974, 
1982): 
L 
(min) Z L Wi( dt +di -) 
i=l 
with constraints XEX 
where wi denotes pre-emptive weights. 
The other version is non pre-emptive goal programming which uses a similar concept 
to that of pre-emptive goal programming but non-dramatically different weights are 
given to the deviations; therefore all criteria are considered simultaneously. The 
solution selected as a final solution collectively minimises weighted deviations from 
a pre-specified set goal. Here again, selecting the weights depends on subjective 
judgment. In this version, the constructed single criterion can be written as follows 
(see (Daellenbach, George and McNickle, 1983; Lapin, 1991; Steuer, 1986; Zeleny, 
1974, 1982): 
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L 
(min) Z z: wi(dt+dn 
i=l 
with constraints xeX 
where Wi denotes non pre-emptive weights. 
An algorithm of the goal programming is as follows: 
• Goal programmmg starts by exploring all extreme feasible solutions. This 
exploring can be accelerated by additional techniques such as Multiobjective 
Simplex Method, (Zeleny, 1974, 1982) MSM. 
• The MSM, then, tries to find non-dominated solutions from all the extreme 
solutions. That is, if the first non-dominated solution is found, the MSM 
technique will move to another extreme solution and then analyse this solution to 
determine whether it is non-dominated or not. This will be iterated such that all 
non-dominated solutions are found. 
• Lastly, as a set of non-dominated solutions are found, the decision-maker must 
trade off between these non-dominated solutions in order to select a final 
solution. 
Goal programming has several weaknesses. One of these is that it uses the idea of 
satisfying for analysing solutions. Simon (1976: xxviii) explains satisfying: of the 
behavior of human beings who satisfice because they do not have the wits to 
maximize. 
This explanation is supported by Zeleny (1982:63): an attempt to attain prespecified 
aspiration levels or goals with respec~ to given criteria when in fact, satisficing is the 
outcome or end result of an incomplete or unsuccessful attempt at optimization. 
These two explanations of satisfying, which the goal programming is based on, 
present some drawbacks of goal programming. Zeleny (1982) presents an artefact 
example to support his explanation as shown in Figure 7. 
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p 
X 
Figure 7 Goal programming may produce the fmal solution that is not a non-
dominated solution in variable space (adapted from Zeleny, 1982) 
As in Figure 7, three criteria, z~, Z2 and Z3, are fixed by a pre-specified set goal. By 
using goal programming to minimised,+, d,-, d2+, d2-, d3+, and d3-, the solution M can 
be obtained. At this solution, M, z, and Z2 are totally satisfied (d,- = d2- = 0), and Z3 
is moved towards as close as possible (d3- is minimised upon X). Clearly, this 
solution, M, is dominated by many solutions such as N, 0 and P. This shows that 
whether any solution selected as the final solution is a non-dominated solution 
depends largely upon the pre-specified set goal. In other words, the final solution 
may not be a non-dominated solution. 
Furthermore, in this programming (either pre-emptive or non pre-emptive goal 
programming) the choice of a pre-specified set goal is frequently difficult to accept. 
Therefore, the pre-specified set goal may be adjusted during the analysis. 
2.4.2.2.2 A weighting method 
The weighting method manages to reduce multicriteria problems by transforming it 
into a series of single criterion problems, which are easier to solve. In this method, 
weights are assigned to individual criteria according to their relative importance to 
construct a new single criterion. Then the weights are varied in order to generate 
non-dominated solutions by solving (Cohon, 1978; de Neufville, 1990; Goicechea et 
a/., 1982; Haimes eta/., 1975): 
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L 
(min) Z = L WiZi(x) 
i=l 
subject to X E X. 
An algorithm of this method is as follows: 
• The weighting method explores all extreme solutions by optimising ( eg, using a 
simplex method) each criterion one by one. This can be done by, for example, 
alternately adding the weight 1 to a criterion and the weight 0 to the remaining 
criteria. 
• Next, two criteria with their weights are paired and then optimised under 
constraints. This process is repeated with varying weights until non-dominated 
solutions are found. 
• Lastly, a pair of criteria is alternated. The above process is repeated until all 
criteria are paired off. A number of non-dominated solutions may be found, and 
then are traded off to select a final solution, which reflects subjective judgment. 
This method may fail to find some non-dominated solutions, only if the surface of 
the non-dominated solutions is slightly concave; then may suggest no existing non-
dominated solutions (de Neufville, 1990). This is illustrated in Figure 8 in which the 
portion AB is suggested as non-dominated solutions but on that portion feasible 
solutions do not exist. 
Figure 8 Portion AB is suggested as non-dominated solution in which feasible 
solutions do not exist in criteria space (adapted from de Neufville, 1990) 
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2.4.2.2.3 A constraint method 
Like the weighting method, the constraint method analyses solutions against 
multicriteria by converting a multicriteria problem into a series of single criterion 
problems. In this method, a criterion is optimised first whilst the remaining criteria 
are converted into constraints by specifying values for the remaining criteria. 
Varying these values yields non-dominated solutions by solving (Cohon, 1978; de 
Neufville 1990; Goicechea et al., 1982; Haimes et al., 1975): 
(min) z = Zi(X) 
L 
subject to 2: Zr(X) S Sr r:;ti 
r=l 
X E X 
where Sr is a specified value. 
Haimes et al. (1975) explain that, from a utility viewpoint, the benefit to society from 
criteria Zr is constant as long as Zr does not go above Sr, but becomes eternally 
damaging below this level. That is, the utility function becomes additive with: 
a constant ifZr(x) s 
utility of Zr(x) { 
-00 ifZr(X) > 
An algorithm of this method is as follows: 
• The constraint method explores all extreme solutions by optimising each criterion 
one by one excluding any constraints on the other criteria. 
• Next, a pair of two criteria is set. One criterion is optimised; the other acts as a 
constraint and vice versa. If there are more than two criteria, a triplet and more is 
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set. One criterion is optimised; the others are treated as constraints, and then 
another criterion circulates to be the sole criteria. This process is repeated until 
all criteria are paired off. 
• Lastly, a number of non-dominated solutions may be found. The decision-maker, 
then, trades off to select a fmal solution, which subjectivity arises here. 
Here, if the variations of the values are set in small increments, this causes a heavy 
computation load (Goicoechea et al., 1982). Furthermore, if there are more than two 
criteria, the method consumes much computational effort to produce non-dominated 
solutions because the process of searching non-dominated solutions may involve 
infeasible solutions only if the surface of non-dominated solutions is slightly concave 
(de Neufville, 1990). Figure 9 illustrates this. 
Figure 9 Shaded area is suggested as non-dominated solutions in which feasible 
solutions do not exist in criteria space (after de Neufville, 1990) 
2.4.2.2.4 A utility function 
The previous review of the literature has not considered risk arising from uncertainty 
in the analysis of multicriteria problems. However, "the only sure thing in this world 
is the past but what we have to work with is the future" (Moore and Thomas, 1976 
after Auguste Detoeuf). To handle risk and uncertainty a number of studies have 
been undertaken (see Bell, 1977; de Neufville and Keeney, 1974; Farquhar, 1980ab; 
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Farquhar and Fishburn, 1981; Fishburn 1965, 1966, 1967, 1970, 1973, 1977; French, 
1986; Keeney, 1974, 1978, 1982; Keeney and Nair, 1977; Major, 1974; Moskowitz 
and Bunn, 1987; Swaim, 1966; Yu, 1985). All these studies focus on a utility 
function which is a mapping of multicriteria values into a constructed scale, or a 
mathematical form of preference structure as shown in Figure 10. 
Figure 10 A (monotonically increasing concave) utility function, U, for two criteria 
There exist two types of utility functions: 
• an ordinal utility function (or an indifferent function or indifference curves) 
• a cardinal utility function (or a value function or a preference function). 
An ordinal utility function is a locus of the solutions that yields equal utility 
(Ferguson, 1972). That is, the solutions (under uncertain consequences) on this locus 
are equally preferred to the decision-maker. To find an ordinal utility function which 
does not specify the distance to which one solution is preferred to another, ordinal 
comparison between criteria is necessarily reflecting value trade-offs: how much 
increases in value of any one criterion are worth in terms of others. MacCrimmon 
and Wehrung (1977) suggest four procedures to find an ordinal utility function: a 
line procedure, a square procedure, a diamond procedure and a circle procedure. 
The best solution selected as the final solution is the non-dominated solution at 
which an indifference curve is tangent to as shown in Figure 11. 
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The best solution 
on-dominated solutions 
·-·:.:.·: u2} A set of ordinal utility curves 
UI 
Figure 11 The best solution is the non-dominated solution tangent to an indifference 
curve 
Finding an ordinal utility function is a fatiguing task which may lead to inconsistency 
by the decision-maker (see a procedure of constructing an ordinal utility function in 
MacCrimmon and Wehrung, 1977). Moreover, if more than two criteria are 
considered, finding an ordinal utility function is impractical 
In contrast to an ordinal utility function, a cardinal utility function specifies the 
level of preference at which one solution is preferred to another. For example, 
solution X is 7 utilities preferred to solution Y. The cardinal utility function has 
played an important role in handling risk and uncertainty because it has the ability 
for mathematical operations (eg, +, -, x, +)whilst the ordinal utility does not. For 
instance, to find a utility function for two criteria, a utility for each criterion can be 
added together. With such superior advantage, a utility function currently used and 
discussed further in this research is referred to only as a cardinal utility function. 
The idea of a utility function for handling risk and uncertainty can solve the issues of 
measurement difficulty, conflicting direction of improvement and non-commensurate 
ability. The non-dominated solution that has the highest utility will be selected as the 
final solution by solving (Haimes et al., 1975): 
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(max) U(Z(x)) 
subject to X EX 
where U is a utility function. This is illustrated in Figure 12. 
(max) U(Zr, Z2) 
best solution 
Zr 
Figure 12 Maximising utilities of non-dominated solutions yields the best solution 
The most superior ability of the utility function to other techniques is that it can 
include risk stemming from uncertainty and can totally rank the order of non-
dominated solutions according to the utilities associated with them. A utility function 
will be used as a basis for modelling tender evaluation in this research. 
2.4.2.2.5 A social welfare function 
The literature review so far has assumed that only one decision-maker is involved in 
solving multicriteria decision problems. However, in most organisations individuals, 
stakeholders, or groups with different interests are involved. To cope with this, 
several approaches have been suggested such as (1) aggregation individual utilities 
(eg, a social welfare function, Delphi, and Maximise the minimum individual utility); 
(2) counselling an individual decision-maker (ie, the supremely authorised person), 
and (3) predicting political consequences (eg, Paretian analysis, Game theory, voting 
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procedures) (for more detail see Cohon, 1978). Nevertheless, at present there is no 
universally acceptable analytical model dealing with multicriteria problems for all 
individuals (de Neufville, 1990). This does not mean that all suggested models 
cannot be applied but these models have s orne 1 imitations and assumptions which 
cannot be accepted by all individuals participating in the problems. 
In a democratic society, aggregation is based on public interest as the combination of 
individuals' interests, and has concentrated on theoretical work in welfare economics 
(Cohon, 1 978). This concentration has led to the development of asocial welfare 
function (a real-valued function, a social decision function, a social preference 
function, or a group utility function). 
As an extension of a utility function, a social welfare function is a summation of 
utilities of individuals, which aims at searching the best solution for all the 
individuals by solving (see Cohon, 1978; de Neufville, 1990): 
(max)U (w) 
where U is a social welfare function 
w is a vector ofweights 
Wk is a positive weight on the utility function of each individual 
uk is a utility function of each individual 
q is the number of individuals. 
For this reason, a combination of the utility function and the social welfare function 
can be described as state-of-the-art and is developed further in this research 
(Chapters 6 and 7). 
2.4.3 Interactive approaches 
The 1 iterature so far has shown that c ertain optimisation models require fvced and 
well-defined subjective inputs (ie, weights, a set goal and a utility function) on the 
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part of the decision-maker up front. This puts some cognitive strain on the decision-
maker (Cohon, 1978). That is, they assume that all essential information for the 
subjective inputs can be obtained prior to solving an actual problem. However, in 
practice it is difficult to gain all necessary information before an actual problem is 
solved (Zeleny, 1982). In addition, the subjective inputs can change over time in 
relation to a particular circumstance. Also, the decision-makers may change their 
preference after some solutions are obtained. This is supported by Edgeworth and 
Ibrahim (1999): 
Sigmund Freud was once asked by an interviewer how he made decisions. He 
responded by taking a coin out of his pocket and saying that he flipped it. The 
interviewer was agitated and said, "What! You, the great psychologist, toss a coin to 
make a decision?" Freud replied, "Yes, I toss the coin, and see if I like the way it 
turns up." 
As the quote illustrates the decision-maker can change their subjective inputs 
(preference) to learn more about the problem (" ... toss the coin, and see if I like the 
way it turns up.") until they get the best solution. For these reasons, interactive 
approaches are combined with other approaches to alleviate the difficulty in finding 
fixed and well-defined subjective inputs up front. The interactive approaches also 
provide an opportunity to change the subjective inputs during the solution-searching 
process, which in tum offers the decision-makers sensitivity analysis. However, these 
interactive approaches can still use the optimisation approaches as a basis for their 
development. 
Having briefly considered the concept of interactive approaches, the following 
section is a classification ofthe interactive approaches as: (1) interactive optimisation 
models, (2) decision support systems, and (3) expert systems. They are discussed in 
more detail in the following section. 
2.4.3.1 Interactive optimisation models 
An algorithm of interactive optimisation models can help the decision-maker to 
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arrive at the preferred solution. Broadly, the algorithm is (1) generating a non-
dominated solution; (2) identifying the trade-offs between criteria in order to permit 
considering other non-dominated solutions; (3) asking the users to assess whether 
they prefer the first trade-off; (4) if not, identifying a new trade-off; and (5) repeating 
the previous steps until the decision-maker arrives at their preferred solution. Many 
interactive optimisation models have been developed including: 
2.4.3.1.1 The step method, STEM 
Here, in STEM (Benayoun, et al., 1971), preference of the decision-maker is stated 
during the solution-searching process. STEM possesses the advantage of simple 
procedures. 
However, the users have difficulty in determining the preferred trade-offs, which 
may lead to inconsistency of preferences and a high cognitive strain being imposed 
on the decision-maker. Also, STEM has no ability to handle multiple stakeholders. 
A variation of STEM is found in Johnson and Loucks (1980), Fichefet (1980), 
Venugopal and Narendren (1990), Buchanan (1991), Ng (1991), Fonseca (1998), and 
Tappeta and Renaud (1999). 
2.4.3.1.2 The GDF method 
The GDF method proposed by Geoffrion, Dyer and Feinberg (1972) was developed 
from an ordinal utility function. The GDF method also has the advantages of simple 
procedures and reacception of any rejected solution. 
However, the main drawback results from the difficulty in determining the preferred 
trade-offs. Also, multiple stakeholders cannot be handled. 
A variation ofthe GDF method is found in Dyer (1973), Wehrung (1978), Hemming 
(1981), Rosinger (1981), Sadagopan and Ravindran (1986), Al-alwani et al. (1993), 
Seaman et al. (1993), Wallenius and Zionts (1977), Zionts and Wallennius (1976). 
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2.4.3.1.3 The surrogate worth trade-off method, SWT 
The surrogate worth trade-off method, SWT, has been suggested by Haimes, Hall 
and Freeman (1975), and develops from a combination of an ordinal utility function 
and a constraint method. The SWT method ensures that any solution selected as a 
final solution is a non-dominated solution. 
However, the difficulty for the users in determining preferred trade-offs and the 
inability to handle multiple stakeholders still remains. 
A variation of the SWT method is found in Chankong and Haimes (1978), Haimes 
and Chankong (1979), and Yang et al. (1990). 
Other interactive approaches have been proposed such as the sequential 
multiobjective problem solving method (Monarchi et al., 1973), the trade-off cutting 
plane methods (Musselman and Talavage, 1980), and the relaxation methods 
(Lazimy, 1986). Again, in these approaches there are the difficulties in providing 
preferred trade-offs and no ability in handling multiple stakeholders. 
2.4.3.2 Decision support systems 
Decision support systems can be defined as interactive, flexible and adaptable 
computer-based systems, which permit using data and models to support a decision 
(Turban, 1995). The systems allow the decision-maker to include their judgments 
and data in analysing solutions to assist their decision. 
In effect, the systems are designed to support the decision-maker from the step of 
identifying a problem to the step of evaluating solutions. However, they do not make 
decisions (Mcleod, 1988). They only give information such as periodic reports, 
special reports, and models to the decision-maker, who is assumed to have the 
intelligence, experience and common sense to arrive at a decision. For example, to 
arrive at a solution the systems provide a well-defined model but the decision-maker 
provides their subjective inputs for model processing. 
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The decision support systems can be subdivided into four major subsystems: 
• Data management subsystem. This subsystem includes the database(s) for the 
whole system, which mainly holds pertinent data for a specific problem. The data 
comes from either internal or external systems. In tendering problems from an 
owner's viewpoint, previous reports of contractors are an example of internal 
data sources; whereas a questionnaire or forms completed by contractors are 
examples of data from external sources. 
• Model management subsystem. This subsystem includes different kinds of 
models such as optimisation models and other qualitative or quantitative models 
that mainly offer the whole systems analytical capability. 
• Communication or dialog management. This subsystem provides a channel for 
the decision-maker to communicate with and command the whole system, which 
is known as the user interface. 
• Knowledge management. This is an optional subsystem which can provide the 
required expertise for solving some special aspects of a problem and/or providing 
special knowledge that can improve the operation of the other subsystems. 
When compared to expert systems, decision support systems are more able to allow 
the decision-maker to combine their judgment with data for producing information to 
support a solution (Mcleod, 1988). However, as stated earlier decision support 
systems do not make decisions. They only support the decision-maker who has to 
have intelligence, experience and common sense in making their own decision 
(Mcleod, 1988). 
2.4.3.3 Expert systems 
Expert systems are computerised advisory programs that try to copy the rational 
procedures and knowledge of experts in solving specific problems, which are broken 
themselves from artificial intelligence, AI, (Turban, 1995). The idea of these systems 
is to convert the knowledge or expertise of experts into computer programmes. After 
the knowledge of many experts is converted and incorporated into the computer 
programmes, the decision-maker can consult these programmes for explanations and 
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inferences such that they arrive at a final solution, whilst the decision support 
systems do not. Such programmes, with the incorporation of the knowledge of many 
experts, could produce better results than that of only one expert. 
The expert systems can be subdivided into subsystems as follows: 
• Knowledge acquisition. This subsystem is made up of steps of aggregation, 
transfer, and transformation of expert knowledge (inputs) to a computer program 
for developing and expanding a knowledge base. The knowledge can be acquired 
for example through: literature including books, manuals, journal articles, 
databases; interviews with experts; questionnaires completed by experts. 
• Knowledge base. This subsystem includes (1) facts such as theory, context of 
problems, (2) rules that determine the means of using knowledge in solving 
specific problems such as if-then. In effect, it comprises knowledge essential for 
understanding, formulating and solving problems. 
• Inference engine. This subsystem is the control unit or rule interpreter, which is 
essential in a computer program. It offers a methodology for using the knowledge 
and formulating conclusions. 
• Knowledge refinement. This subsystem is to analyse its own performance, learn 
from it and, improve it for future consultations. Its success and failure are 
analysed to improve the knowledge base and the methodology for using the 
knowledge and formulating conclusions. 
• User interface. Similar to that of the decision support systems, this system offers 
the decision-maker communication with the whole system. 
• Knowledge explanation. This subsystem gives reasons as to how and why 
conclusions are reached by answering questions in an interactive way as follows: 
• Why was a solution rejected? 
• How was a conclusion arrived at? 
• What is the procedure to arrive at a final solution? 
A main advantage of expert systems is that the knowledge base can be incrementally 
developed over time (Turban, 1995). For example, any rules can be deleted or 
replaced by new rules that are more accepted. This offers the decision-maker 
flexibility. Furthermore, the systems relieve the decision-maker of the tedium of 
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preparing rigidly formatted inputs, and then make suggestions to the decision-maker 
on the selection of criteria, particularly under risk and uncertainty (Barnwell et al., 
1988). However, the acquisition of knowledge of experts may be affected by some 
sources of biases such as limits in the number of experts and knowledge not always 
being readily available. This results in a flaw in the rules. 
Another system that is akin to expert systems is the artificial neural network, ANN. 
Both the systems are in the branch of artificial intelligence. The main difference 
between expert systems and artificial neural network is the level of adaptability of 
these systems. That is, artificial neural networks can adjust themselves more readily 
( eg, in terms of criteria, variables) than expert systems. 
2.4.4 Some multicriteria models in tender evaluation 
This section discusses some multicriteria models existing in the tender evaluation 
area, namely, financial model, weighting method, fuzzy set theory, multiattribute 
utility function, and expert systems and artificial neural networks. 
2.4.4.1 Financial model 
Them odel is to evaluate the capability oft he contractors based only on financial 
criterion. The idea behind this model is that the capability of a contractor to complete 
a project depends on the size of the project. The measure to indicate the capability is 
the difference between the contractor's maximum financial capability and the 
amount of ongoing unfinished work. As long as the project price is below this 
difference; the contractor is evaluated as enough capability and permitted to bid for 
the project. The model can be expressed as follows (see Russell, 1992): 
(max) Financial capacity = (Net current asset- Net current liability) x c x S 
where c is a constant 
Sis a subjective coefficient. 
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A main drawback of this model is that the evaluation is based only on financial 
criterion and this may not indicate the actual capability of contractors. Furthermore, 
the subjective coefficient (S) is always hard to be accepted. 
2.4.4.2 Competitive model 
The model was developed by Drew and Skitmore (1993) for use in prequalification. 
A competitive index, C, is derived from mean and standard deviation of bid prices. 
This index is used to determine a contractor's competitiveness. The scales oft his 
combination range from "sensible," "non-serious," "harmless" and "suicidal." The 
decision to classify a contractor into one of these scales depends on the owners' 
attitude towards risk. However, here bid price is the sole criterion, which may not 
indicate actual contractor ability like the financial model. 
2.4.4.3 Weighting method 
The weighting method appears in tender evaluation area in various works. 
Russell and Skibniewski (1990) introduce an interactive model, named Qua/ifier-1, 
using a weighting method as the basis for development, which aims to systematise 
the prequalification process. In this model, to prequalify contractors, the criteria 
selected are subdivided into two levels as a hierarchy; the first level is referred to as 
the lowest level criteria and the second level to the higher level criteria. 
In this model, the weights of relative importance are derived from a regressiOn 
technique to analyse the levels of impact of each criterion to prequalification. The 
model aggregates all the values of various criteria of each candidate contractor into 
an overall value using the following steps: 
• Firstly, measure the lowest level criteria for a candidate contractor, and express 
in non-dimensional scores, ie, numbers between 0-4. 
• Secondly, assign the weights of relative importance of all the lowest level 
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criteria. The weights are suggested by the model but the decision-maker can 
change them as required according to their subjective judgment. 
• Thirdly, multiply all the scores and their corresponding weights within each 
higher level criterion together, and add them altogether. The results of this step 
are the weighted scores of all higher criteria. 
• Fourthly, multiply all the weighted scores of each higher criterion (the result of 
the third step) and their corresponding weights, and add them altogether. The 
result is the overall score for one candidate contractor. 
• Lastly, all the above steps are repeated until all candidate contractors are 
evaluated. Then, the contractors can be ranked according to their scores. 
The advantages of this model are that it offers a systematic, structured approach for 
prequalification and reducing bias whilst the weights are elicited and stated. 
However, the limitations are the elicited scores depending largely on the decision-
maker's judgment, and the algebraic formulas of this model are assumed to be linear 
(Russell and Skibniewski, 1990). 
Another approach is suggested by Herbsman and Ellis (1992) where the concept of 
multiple criteria is used in a bidding system in order to select a contractor. Here, they 
manage multiple criteria by converting them into expected monetary value through 
trading off between criteria. The weights for all criteria, ie, cost, time, quality, and 
safety, come from past experience and judgment of the owner or the owner's 
representatives. This concept is presented as follows: 
• Firstly, after all the criteria of contractors are obtained from tender documents 
and the owner, the criteria - ie, time, quality, and safety - are traded off in order 
to convert them to monetary value, ie, dollar. The trade-off is done by 
determining a ratio, eg, $7,000 per day, to convert time criterion to dollars. This 
ratio is based on past experience and subjective judgment of the owner. 
• Lastly, the values (expressed in dollars) of all the four criteria for contractors are 
aggregated. Then, the contractor having the minimum value should win the 
contract. 
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Although the concept possesses ease and flexibility in its usage, its reliability may be 
questioned when the criteria and weights are repeatedly measured and stated because 
the acquisition of criteria's values and weights is based largely on the decision-
maker's judgment. 
In a problem of whether to bid for a project, Ahmad (1990) manages non-
commensurate and conflicting criteria by converting them into a non-dimensional 
unit. Here, the criteria (ie, overall worth of the project, position and goals of the firm, 
resource constraints, and prevailing market conditions) are subdivided into two levels 
as a hierarchy. 
Thew eights are assigned to a lll evels of criteria. These weights are derived from 
pairwise comparison through asking subjective questions - "How much less (or 
more) important is the second criterion than the first?" The pairwise comparison is 
simply done by comparing and asking the question between a pair of criteria. Then, 
the weight of relative importance between the pair is articulated. This is repeated 
until all criteria are paired off and compared. 
Ahmad also uses the weights for a test of importance of each criterion. That is, if any 
weight of any criterion is lower than a killed value, which means this criterion is not 
important to describe the higher criterion, this criterion would be eliminated. Here 
again specifying the value is subjective. The steps of this model are as follows: 
• Firstly, after the hierarchy of criteria is completed, all expected values of the 
lowest criteria are elicited - numbers between 0 and 100. Then the weights, 
obtained by pairwise comparison, are assigned to these criteria. 
• Secondly, for a project, after all the expected values of these criteria and their 
corresponding weights are expressed, they are multiplied together; then added all 
together. 
• Thirdly, minimum desirable values are assigned as anchor values by repeating 
the previous stage but substituting the minimum desirable values for the expected 
values. Again, these anchor values are subjective. 
• Lastly, the overall expected value is compared with the overall mtmmum 
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desirable value. The amount of the difference shows a level of confidence on 
bid/no-bid decisions. That is, if the amount of the difference is high, the project 
should be bid for. Although, a table for converting the amounts of difference to 
the levels of confidence to bid is provided, how the converting table is derived is 
not demonstrated. Again, subjectivity arises here. 
The main strength of this model is its flexibility in that some criteria can be appended 
or removed for a specific project. However, there is the difficulty in trading off 
during eliciting the expected values of the criteria. Also, the anchor values, killed 
values and converting table are still subjective. 
2.4.4.4 Fuzzy set theory 
Nguyen (1985) applies fuzzy set theory to the tendering process considering multiple 
criteria, ie, cost, experience, and performance, for selecting a contractor by 
transforming them into a non-dimensional unit. The fuzzy set is a set that has levels 
of membership called scores, of which scales were normally between 0 and 1 - a 
common set does not have levels of membership for each member. For example, a 
contractor had a membership level of 0.7 in a set of a criterion (e.g., experience); 
another contractor had a membership level of 0.8 in the set of the same criterion. 
The weights of these criteria come from the subjective judgment of the decision-
maker. The selection of a contractor using this model is done by the following steps. 
• Firstly, for a contractor, scores of the three criteria, ie, cost, experience, and 
performance, are elicited based on the fuzzy set theory (which converts the 
values of these criteria into numbers between 0 and 1 ). This elicitation needs 
subjective inputs from the decision-maker. 
• Secondly, after all the scores and the corresponding weights of these criteria are 
obtained, they are multiplied together. 
• Thirdly, each score of each criterion is compared to select the minimum score. 
This is finding all minimum scores for all contractors. 
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• Lastly, amongst the minimum scores of all the contractors, the maximum of the 
minimum scores was chosen in order to select the preferred contractor. 
As with the work of Herbsman and Ellis (1992), ease and flexibility is the main 
strength of this model. However, when the criteria's scores and weights are stated, 
inconsistency may occur because the derivation of criteria scores and weights is 
based largely on the decision-maker's judgment. 
2.4.4.5 Multiattribute utility function 
Several researchers have applied a multiattribute utility function to the tendering 
process. In contractor selection problems, Diekmann (1981) suggests a weighted 
additive model (representing the decision-maker's utility function) to evaluate 
contractors in cost plus contracts. The model is similar to Qualifier-] by Russell and 
Skipniewski (1990) mentioned earlier, except that here it uses utility for the value of 
each criterion and has no interactive nature. In this model, to select a contractor the 
criteria, ie, cost exposure, company stability, quality of product and management 
capacity, are subdivided into two levels as a hierarchy, and weights are assigned to 
all levels. 
Similar to Diekmann, a weighted additive model is applied to tender evaluation by 
Hatush (1996) and Hatush and Skitmore (1997). However, they select different 
criteria for the modelling, namely, financial soundness, technical ability, 
management capacity, health and safety, and reputation. These criteria are also 
described by lower level criteria. 
By using both the models, the difficulty of finding a utility function (see Section 6.2) 
is still inherent in these models. However, an advantage is that the model can 
incorporate risk stemming from uncertainty through the use utility theory. 
Seydel and Olson (1990) introduced the concept of the tendering process as a 
continuous process including the percent mark-up selection. The purpose of this 
work is to select percent mark-up whilst multiple criteria are considered. The criteria 
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selected for this model are maximising profit, minimising risk exposure, and work 
force continuity. Clearly, the first and third criteria are conflicting; the second and 
third are undoubtedly conflicting. Similar to the models proposed by Ahmad (1990), 
Diekmann (1981) and Russell and Skibniewski (1990), these three criteria are 
subdivided into lower criteria to provide a scale for measurement. 
Here, the weights are estimated to consider all these three criteria simultaneously by 
a matrix of pairwise comparison, which is basically similar to the pairwise 
comparison used by Ahmad (1990) but the difference is that this comparison is done 
in the form of a matrix. The results of the matrix are a set of the weights for all the 
criteria. The weighting uses the technique of multiattribute utility function to capture 
preference of the contractor on the three criteria, which are expressed in weights or 
numbers. The steps of this model are as follows. 
• Firstly, the weights of the criteria - expected profit, expected loss, and work 
force continuity - are expressed by the matrix of pairwise comparison. 
• Secondly, several percent mark-up solutions are set up by the contractor's 
judgment. The infinite solutions are changed to discrete solutions by using the 
midpoints ofthe intervals of percent mark-up ratios. 
• Thirdly, the weights for each of the solutions are expressed by the contractor's 
judgment using the matrix of pairwise comparison. 
• Lastly, the weight of each percent mark-up solution and the weight of each 
criterion are multiplied together. The result is the overall weight of each percent 
mark-up solution. The percent mark-up solution with the highest weight (which 
reflects the highest utility) is selected as the final solution. 
Like the model presented by Diemann (1981), the decision-maker can include their 
risk attitude to this model using utility theory. However, finding a utility function is 
still difficult. 
2.4.4.6 Expert systems and artificial neural networks 
Russell et al. (1990) developed an expert system, named Qualifier-2, for contractor 
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prequalification. The development of this system is done by analysing many criteria 
in which data is obtained from four construction professions. In this system, five 
criteria are selected and ranked as a hierarchy namely, reference/reputation/past 
performance, financial stability, status of work program, technical expertise, project-
specific criteria. Once again, these criteria are subdivided into a further two levels. 
Here, the rules for prequalification applied at the lowest level ask "if-then" questions. 
If any criterion of a contractor does not reach its minimum level, the contractor does 
not qualify. Clearly, these rules reflect the subjectivity of these professionals. 
Another reflection of subjectivity is the weight assigned to criteria which are not 
explicit. They are implicit in the minimum accepted levels of these criteria. That is, 
the higher the minimum accepted levels, the greater the weight assigned to these 
criteria. 
The algorithm of this system is as follows: 
• After criteria are selected, as a hierarchy, the minimum accepted levels of these 
criteria are set up. These levels acted as threshold levels for establishing rules. 
• Next, the rules for qualifying the contractors start from the top of the hierarchy. If 
any criterion of a contractor is not greater than the minimum accepted levels -
done by asking "if-then" questions, the contractor is not qualified. 
The main strength of this model is that the knowledge base can be progressively 
accumulated over time. Therefore, the decision rules can be improved, which shows 
the flexibility of the model. However, a major limitation is that the knowledge base 
in establishing the rules and the threshold values is possibly biased due to the small 
number (four) of construction professionals. 
Other related models in this group can be seen in Taha eta/. (1995), Hanna eta/. 
(1997), Khosrowshahi (1999) and Lam eta/. (2001). 
Once again, all existing models in tender evaluation including prequalification so far 
have assumed that only one decision-maker participated. 
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2.4.5 Discussion 
This review of the literature shows that in searching for a solution to multicriteria 
decision problems many approaches have been suggested. In contrast to single 
criterion problems, multicriteria problems require subjective inputs, ie, a set goal, 
weights, a utility function. As these multicriteria optimisation models are applied to 
solve the problem o ftender evaluation, subjectivity iss till inherent in the applied 
models. 
Based on the timing of requiring subjective inputs, multicriteria optimisation 
approaches can be classified into two groups: (1) post-subjective input models and 
(2) pre-subjective input models. It is shown in the above literature review that the 
models in the first group (ie, linear multiobjective and compromise programming) 
are computationally intensive because each criterion is directly operated on, which 
means only computer calculations are practical for finding non-dominated solutions. 
However, this problem is reduced by using the models in the second group because 
multicriteria are transformed to a single criterion by for example constructing a new 
single criterion. 
Within the various models in the second group, a utility function can include attitude 
towards risk from the decision-maker, and is the most useful in selecting the best 
solution from a large number of non-dominated solutions and in ranking non-
dominated solutions. For this reason, a utility function has become one of the most 
active research areas (see, Russell and Skibniewski, 1990; Seydel and Olson, 1990; 
Hatush, 1996; Hatush and Skitmore, 1998). Thus this function is used as a basis for 
this research. 
However, the utility function is difficult to find in practice and can change over time 
in relation to a particular situation. To decrease this difficulty, interactive approaches 
exist. Moreover in most real world problems, there are multiple decision-makers with 
different interests involved. To deal with these multiple decision-makers, there is a 
social welfare function, which is suitable for democratic organisations and represents 
the whole organisation preference. For this reason, a combination of the utility 
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function and the social welfare function can be described as the-state-of-the-art and 
should be put forward. 
This review of the literature also shows that development and application of an 
interactive approach that combines the utility function (to include risk and 
uncertainty) and the social welfare function (to include preferences of multiple 
decision-makers) has been very limited. This is because different models focus on 
different necessary features. Some include elements of risk and uncertainty but 
assume that only one decision-maker is involved. Others consider multiple decision-
makers' involvement but there is no consideration of risk and uncertainty and no 
computer interaction. 
In the light of this, the second main research aim is to contribute to the development 
of a more realistic working model using the combination of a utility function and a 
social welfare function with an interactive approach to solving the problems of 
tender evaluation. 
The next chapter will continue to review tender evaluation focusing specifically on 
the Thai construction industry. 
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Chapter 3 Tender evaluation in the Thai construction industry 
3.1 Introduction 
In conjunction with Sections 2.2, 2.3 and 2.4, this Chapter reviews tender evaluation 
procedures, tender evaluation criteria and tender evaluation models in the Thai 
construction industry. In this chapter, a great deal of limited sources exists. There are 
two main reasons why these sources are limited. One is that little research in the Thai 
construction industry has been undertaken in tender evaluation area. The other is that 
empirical techniques are not adequate in terms of tender evaluation criteria and their 
relation, resulting in using large subjective judgment. As such, the discussion in this 
chapter is developed from the limited sources and personal experience to enable a 
questionnaire survey to investigate the main findings from literature review. 
3.2 Tender evaluation procedures 
Similar to tender evaluation procedures in other countries, in the Thai construction 
industry the main aim of tender evaluation is to select the best contractor to complete 
a project within budget, time, cost and safety requirements (see Tharavijitkul, 1990). 
The procedures used by government and private owners are rather different because 
government owners are under strict regulations whilst private owners are less 
regulated. 
Government owners: Before any contractor can submit bids for projects, they have 
to register their desire to participate in public tendering for a specific type of project. 
Each government organisation establishes different standards on the qualification of 
contractors. Within the standards, commonly there are different ranking classes for 
contractors to register that will dictate, eg, (1) the maximum contract value for any 
one project that the contractor can bid for and (2) the maximum current contract 
value of all current projects in hand. Any contractors can go up a class when they 
have more experience on the type of project. Also, the class that a contractor 
registers in qualifies them for the work. A comparison of different ranking classes 
across different government organisations for road work is shown in Table 1. 
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Table 1 A contractor comparison of different ranking classes across government organizations for road work 
Organisation Maximum contract value able to be bid for any one projects (million bahts) 
Exceptional class Class 1 Class 2 Class 3 Class 4 Class 5 
Bangkok Metropolitan Administration - Not limited :::; 60 :::; 30 :::;5 -
Department of Accelerated Rural - Not limited :::; 30 :::; 15 ::S7 -
Development 
Department of Highway - Not limited :::; 300 :::; 150 :::; 60 -
Public Works Department Not limited :::; 150 :::; 60 :::; 20 :::;10 -
Royal Irrigation Department - :::; 1000 :::; 300 :::; 100 :::; 50 :::; 25 
--
Organisation Maximum current contract value of all current projects in hand (million bahts) 
Exceptional class Class 1 Class 2 Class 3 Class 4 Class 5 
Bangkok Metropolitan Administration - - - - - -
Department of Accelerated Rural - - - - - -
Development 
Department of Highway - - :::; 600 :::; 300 :::; 120 -
Public Works Department - :::; five times capital register funds -
Royal Irrigation Department - - - I - I - -
····-
Chapter 3 Tender evaluation in the Thai construction industry 
In most government contracts, the evaluation of tenders is undertaken on the concept 
of competitive bidding, where bid price is given the most priority. The selection of a 
competent contractor is then based on the lowest bid price and the estimated price, 
which determines the maximum budget. 
Private owners: In contrast to government owners, there is generally no ranking 
class for private owners. Any contractor can bid for any project. The ability of each 
contractor is evaluated for every project where the concept of competitive bidding is 
usually applied to select a competent contractor. 
Broadly, there exist three types of tender evaluation procedures in Thailand: (1) 
selective tendering with and without prequalification, (2) Open tendering, and (3) 
Negotiated tendering. For government owners, size of the project dictates the choice 
of tender evaluation procedures. For instance, in The Electricity Generating 
Authority of Thailand if any project has a contract value of more than 100 million 
US dollars, selective tendering is chosen (Tharavijitgul, 1990). Whereas for private 
owners any type of tendering may be chosen. 
3.2.1 Selective tendering 
Where selective tendering is chosen, a short list of contractors is drawn up with 
prequalification requirements or without prequalification by, eg, professional 
advisors, selection of some contractors listed from the same type of previous 
projects, or selection from Yellow Pages, trade magazines, etc. as shown in Figure 
13. 
In the case of the selective tendering with prequalification (based on Tharavijitgul, 
1990), firstly, selection criteria are developed with the recognition of the project 
requirements including time, cost, quality and safety. Then, contractors are invited to 
register for prequalification. After the interested contractors have submitted their 
prequalification documents, a committee is appointed for evaluating the contractors' 
documents. The committee always includes different personnel from different 
sections in the owner's organisation. Next, the committee selects criteria to evaluate 
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Chapter 3 Tender evaluation in the Thai construction industry 
contractors' data. Then the committee gives scores on the selected criteria for each 
contractor based on their experience. The scores are combined in order to form a new 
single score which is used to qualify contractors. After that, a certain score is chosen 
as a threshold that any contractor's score must reach to qualify. If the contractor's 
score does not reach the threshold number, the contractor will be disqualified from 
tendering. Next, the owner informs the result of the prequalification to the 
contractors. Tendering documents are sold only to prequalified contractors. Lastly, 
the selection of any contractor to complete the project is based on the lowest bid 
price and the estimated budget including meeting technical specifications. 
Understand project requirements 
including time, cost, quality, safety, etc . 
.................................................................................................................................................. ................................................................................................................................ 
I Invite contractors to register for prequalification Develop/select selection criteria I 
• ~ Develop a model that combines criteria Set up a panel (ie, I Gather contractors' data I 
according to selection criteria more than one 
evaluator involved) l ' Evaluate contractors' data against 
selected criteria (excluding bid price) 
Prequalification or • Short list preparation I Rank contractors (ie, prepare a short list) 
................................................................................................................................................. -f········· ...................................................................................................................... 
Inv1te tendenng 
Receive tenders Set up a panel (ie, 
I more than one t' evaluator involved) 
Evaluate conforming tenders 
(based on the lowest bid including 
meeting technical specification) 
.. 
Pre-award meeting 
.. 
Award a contract 
With prequalification 
Figure 13 Selective tendering in Thailand with and without prequalification 
(adapted from Tharavijitkul, 1990) 
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Understand project requirements 
including time, cost, quality, safety, etc. 
Select contractors from 
various sources to prepare a 
short list including internal 
lists, preregistration, H Develop/select selection criteria 
industry sources, etc . 
• Develop a model that combines criteria Invite tendering 
I Receive tenders (ie, gather tenderers' 
data according to selection criteria) 
Set up a panel (ie, 
more than one 
evaluator involved) 
Evaluate conforming tenders 
(based on the lowest bid and meeting 
technical specification) 
Pre-award meeting 
Award a contract 
without prequalification 
Figure 13 (Continued) 
In the case of selective tendering without prequalification, most steps are similar to 
that with prequalification except that here a short list is made by selecting contractors 
from, eg, internal (registration) lists or industry sources. 
3.2.2 Open tendering 
In open tendering, a number of contractors are invited to bid for a project. Tenders 
are evaluated after all tenders are submitted. Unlike the selective tendering, the 
selection of any contractor to complete the project is based on the selection criteria 
including the lowest bid price and the estimated price and meeting technical 
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specification. The procedure is described in Figure 14. 
I Invite tendering _f 
Understand project requirements 
including time, cost, quality, safety, etc. 
~ .. 
Develop/select selection criteria 
~ 
Select a model that combines criteria 
~ 
Receive tenders (ie, gather contractors' 
data according to selection criteria) 
~· 
Evaluate conforming tenders 
(based on the lowest bid and meeting 
technical specification) 
~ 
Pre-award meeting 
+ 
Award a contract 
Figure 14 Open tendering in Thailand 
(adapted from Tharavijitkul, 1990) 
3.2.3 Negotiated tendering 
Set up a panel (ie, 
more than one 
evaluator involved) 
Where negotiated tendering is chosen, low competitive tendering occurs. The 
selection of a contractor is reached by negotiation between the owner, consultants, 
and the contractor. Subjective decisions may have a strong bearing on this procedure. 
As can be seen from Figures 13 and 14, in the Thai construction industry the main 
aim of tender evaluation is to select the best contractor to complete a project within 
budget, time, cost and safety requirements. 
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3.3 Tender evaluation criteria 
In Thailand, there is no standard set of tender evaluation criteria for all government 
and private owners. Each has developed its own set of criteria. These criteria are also 
varied from time to time in relation to a particular situation. The following is a 
review on selective and open tender evaluation criteria. 
3.3.1 Selective tender evaluation criteria 
In practice, criteria and their weights of relative importance vary from: 
• one owner to another due to their different objectives 
• one project to another due to their different types and sizes 
• one person to another due to their different background, experience, position and 
attitude towards risk and uncertainty. 
For example, the Electricity Generation Authority of Thailand (EGAT) uses 4 
criteria to evaluate contractor ability: financial capacity, bank guarantee, experience, 
and equipment and personnel (Tharavijitkul, 1990). Scores for these criteria for each 
contractor are given by a committee designated by the governor of EGAT. The 
aggregated scores explore the contractor ability. Only qualified contractors are 
invited to bid for the project. Then, the selection of any contractor to complete the 
project is based on the lowest bid price including the estimated price and meeting the 
technical specifications. 
As another example, the Royal Irrigation Department (RID) considers these criteria 
for international projects where overseas loans are required, (Tharavijitkul, 1990; 
Weng, 1992): 
• Financial conditions considering general company financial information and 
company records, local office and partners, assets, and financial ratios 
• Personnel considering the number and experience of personnel, the number and 
experience of personnel in irrigation canal works 
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• Qualification and experience of the personnel responsible for the project 
• Experience considering experience in Thailand, South-East Asia, elsewhere; 
experience in irrigation canal works; experience in highways and bridge works 
and other structures 
• Current contracts considering current contracts in irrigation canals and other 
works 
• Equipment for earthworks, concrete work, tunnels, and other equipment 
• Subcontractors considering experience in tunnel work. 
Whereas the following criteria are considered for local projects (Tharavijitkul, 1990): 
• Financial status considering nominal capital, bank credit, and net worth 
• Experience considering experience in construction work for 5 years continuously, 
approximate value of all contracts completed within last 5 years, and maximum 
value of contractors completed within last 5 years 
• Equipment considering cost of total equipment 
• Personnel considering engineers (ie, the number of senior civil engineers, number 
of associated civil engineers, number of junior civil engineers and number of 
other engineers.) 
• Technicians considering the numbers of technicians having less than 5 years, 
between 5 to 10 years, and more than 10 years experience. 
RID has developed tables for transforming contractors' data into scores (reviewed in 
Section 3.4). Like EGAT, the qualification of these contractors is determined by their 
scores. The invitation for bidding is limited to only qualified contractors. Then, again 
selecting the best contractor to complete the project is based on the lowest bid price 
including the estimated price and meeting technical specification. 
3.3.2 Open tender evaluation criteria 
In open tendering, the criteria are selected similar to selective tendering but all 
criteria (contractor ability criteria and bid price) are used as a one-step evaluation. 
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3.4 Tender evaluation models 
3.4.1 Weighting model 
In prequalification, a weighting model is adopted by RID (Tharavijitkul, 1990). In 
this model, the criteria are selected and the method of transforming the quantities of 
the criteria for each contractor is established before the evaluation is launched. The 
steps in this model are: 
• Selecting criteria and breaking down the criteria. That is, a hierarchy of criteria is 
developed. The minimum scores for the lowest criteria may be chosen in order 
that the contractors' scores on these criteria must go above to pass the 
qualification. 
• Measuring the criteria. This establishes how to convert quantities of criteria into 
scores. The conversion is done by using the conversion tables shown in Appendix 
1. Subjectivity arises in t4ese tables. 
• Weighting the criteria. This is performed by distributing different maximum 
scores to different criteria. The higher the maximum score, the higher the weights 
of relative importance as shown in Appendix 1. The distribution of the maximum 
scores varies significantly from one project to another. For example, if the project 
is rather complex, experience receives a higher maximum score than that of the 
project with less complexity. 
• Combining the weighted criteria scores. All scores of the criteria for each 
contractor are aggregated into an overall single score. 
• Ranking the contractors. The ranking considers the overall single scores of the 
contractors. 
In using the conversiOn tables, the model offers a rigid method. However, the 
specific numbers in conversion reflect subjectivity. 
3.4.2 Subjective judgment model 
Models using subjective judgment are rather unstructured. For example, criteria are 
selected ad hoc. How to interrelate these criteria may not be predetermined. The 
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selection of a contractor may be based only on comparison of contractors' data 
against the ad hoc selected criteria. These models are prevalent within private 
owners. 
3.5 Discussion 
In the literature, tender evaluation has been subdivided into three sections: tender 
evaluation procedures, tender evaluation criteria and tender evaluation models. This 
subdivision permits a study of tender evaluation procedures and criteria in order to 
identify any limitations and a study of tender evaluation models in order to identify 
the-state-of-the-art model put forward in this research. The following is a discussion 
of each of the subdivisions. 
3.5.1 Issues of procedures for tender evaluation 
In the Thai construction industry, as in other countries, the selection of a competent 
contractor to complete a project within budget, time, quality and safety requirements 
is the main aim of tender evaluation. The literature review shows that there are three 
types of tender evaluation procedures: (1) selective tendering with and without 
prequalification, (2) open tendering and (3) negotiated tendering. Due to the 
involvement of high subjectivity, negotiated tendering will not be investigated 
further in this study. It was also found that two main issues are important to tender 
evaluation procedures: 
• multiple criteria which have 
• measurement difficulty, conflicting direction of improvement and non-
commensurate ability 
• different weights of relative importance 
• a committee or multiple decision-makers who assign different: 
• weights of relative importance to the same criteria 
• values of selected criteria for each contractor. 
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The two main issues will be used as a framework to enable a survey of tender 
evaluation procedures and actual models that the Thai construction industry employs 
to develop a realistic working model for tender evaluation to be determined. 
3.5.2 Issues of common criteria for tender evaluation 
It is shown in the literature review that there is no consensus on a common set of 
criteria to evaluate contractor ability and tenders for all organisations, projects and 
decision-makers (each has its own set of criteria). In addition, different researchers 
suggest different criteria to evaluate contractor ability. However, a common feature 
is that the criteria are in the form of hierarchies but these hierarchies are not 
developed based on the phenomena of hierarchies discussed in Section 2.3.5 and 
Section 2 .3 .6.2. That is, the development oft he hierarchy of criteria should agree 
with existing organisational units of contractors. This hierarchy is different between 
different contractors because they have different organisation structures. 
Furthermore, if multiple decision-makers are involved, different decision-makers 
may develop different hierarchies of criteria, which reflect subjective judgement and 
personal differences. 
Recognising the difference, in this research the model developed for tender 
evaluation will be flexible enough to adapt itselfto the changes of situations (eg, type 
of project, scope of work and delivery system). Here, the decision-maker can modify 
the hierarchy of criteria as required. Furthermore, a computer interaction can be 
widely applied for this modification. 
The hierarchy of criteria developed based on the theory of hierarchy, multilevel, 
systems, is shown in Figure 5 as a paradigm in Chapter 2. This hierarchy will be used 
as the basis for designing a questionnaire survey in order to find a common set of 
criteria. 
3.5.3 Issues of models for tender evaluation 
In the literature on multicriteria models for tender evaluation, there are no objective 
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models that can evaluate multiple criteria. All multicriteria models require subjective 
inputs from decision-makers in various ways, for example: 
• determining a set goal or number 
• stating weights of relative importance 
• finding a utility function 
• setting up a conversion table to transform quantities of criteria to scores 
• distributing the maximum score for each criterion. 
As a statement of subjective inputs, a utility function is the most superior because it 
can completely rank the order of contractors and include risk into the analysis as 
discussed in Section 2.4.2.2.4. In addition, in the Thai construction industry a panel 
(or multiple decision-makers) is normally set up to evaluate contractor ability and 
tenders. As an extension of a utility function, a social welfare function can cope with 
the involvement of the panel and is believed suitable for democratic organisations. 
However, the utility function is difficult to find in practice (Liston, 1999), as is the 
social welfare function. Also, the utility function changes over time in relation to a 
particular situation. This difficulty can be reduced and these changes can be absorbed 
by adding an interactive nature to the modelling. 
However, it is shown in the literature that, like in other countries, in the Thai 
construction industry very little work has been done in the area of combining a utility 
function and a social welfare function with computer interaction to solve the 
problems oftender evaluation. 
In conclusion, the main findings in this chapter are similar to Chapter 2. That is, (1) 
consensus on a common set of criteria does not exist and (2) no model can 
simultaneously take into account preferences of multiple decision-makers, elements 
of risk and uncertainty and a flexibility to absorb changes of preference in relation to 
a particular situation via computer interaction. The findings will lead to the design of 
a questionnaire to survey the actual models within the Thai construction industry and 
then to develop a realistic working model for tender evaluation. The design of the 
questionnaire will be discussed in the next chapter. 
88 
Chapter 4 
A tender evaluation survey: questionnaire 
design 
4.1 Introduction ........................................................................................................ 90 
4.2 Aims ...................................................................................................................... 90 
4.3 Conceptual framework: a system of hypotheses .............................................. 91 
4.3.1 Tender evaluation procedures ..................................................................... 91 
4.3.2 Tender evaluation criteria ........................................................................... 93 
4.3.3 Tender evaluation models ........................................................................... 93 
4.4 Operational definition ........................................................................................ 94 
4.4.1 Financial strength ........................................................................................ 94 
4.4.2 Quality management systems ..................................................................... 98 
4.4.3 Human resources ....................................................................................... lOl 
4.4.4 Public relations .......................................................................................... I 02 
4.4.5 Procurement/contract. ............................................................................... 104 
4.4.6 Plant/equipment. ....................................................................................... 106 
4.4.7 Engineering/construction .......................................................................... l07 
4.4.8 Project managers ....................................................................................... llO 
4.5 Methodology for data gathering ...................................................................... l12 
4.6 Questionnaire design ........................................................................................ 112 
4.6.1 Characteristics of questions ...................................................................... 112 
4.6.2 Purpose of asking questions ...................................................................... ll3 
4.6.3 Confidentiality .......................................................................................... 114 
4.6.4 Questionnaire test/modification ................................................................ ll4 
4.6.5 Distribution ............................................................................................ 115 
4. 7 Data preparation ............................................................................................... 115 
4.8 Conclusions ........................................................................................................ 115 
Chapter 4 A survey of tender evaluation: questionnaire design 
4.1 Introduction 
The previous two chapters reveal that there are three broad procedures in tender 
evaluation (excluding negotiated tendering): the selective tendering process with 
prequalification, selective tendering process without prequalification and open 
tendering process. All these procedures involve multiple criteria and multiple 
decision-makers. However, a universal commonality of selection of criteria (to 
evaluate contractor ability and tenders) does not exist. Moreover, existing models 
cannot simultaneously consider preferences of multiple decision-makers, risk 
stemming from uncertainty and interactive nature. 
To further investigate the findings from the literature so as to develop a common set 
of criteria and develop a realistic working model capable of simultaneously (1) 
compiling multiple decision-makers' preferences, (2) incorporating risk stemming 
from uncertainty, and (3) offering computer interaction that makes a model flexible 
to any change in situation, the Thai construction industry was surveyed. Participants 
were in both government and private sectors. A hand-delivered questionnaire survey 
was selected to gather data on tender evaluation procedures, the criteria influencing 
the selection of a contractor and tender evaluation models in the Thai construction 
industry. 
The development of the questionnaire was based on the findings of the literature in 
Chapters 2 and 3. However, the questionnaire distributed in the Thai construction 
industry was translated into Thai because the official language is Thai. A coding 
manual was also made in order to prepare data for analyses using the SPSS package. 
4.2 Aims 
The main aim of this survey was to test the hypotheses on (1) tender evaluation 
procedures, (2) the criteria influencing the selection of a contractor, and (3) tender 
evaluation models currently used by industry. The following section will establish a 
conceptual framework as a system of the hypotheses ofthe research. 
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4.3 Conceptual framework: a system of hypotheses 
4.3.1 Tender evaluation procedures 
There are three broad procedures (excluding negotiated tendering) in tender 
evaluation: (1) selective tendering with prequali:fication, (2) selective tendering 
without prequali:fication and (3) open tendering as shown in Figures 15, 16 and 17. 
Understand project requirements 
including time, cost, quality, safety, etc. 
1"'"""""""""'"'""''''"'''"'''""'''''"'''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''"'''''''''''''''' .................................................................................................................................. ! 
~ I Invite contractors to i I register for prequalification Develop/select selection criteria I ! 
j ~ Develop a model th:t combines criteria Set up a panel (ie, ! ~ I Gather contractors' data I more than one i.,· I according to selection criteria evaluator involved) 
I I Evaluate contractors' data against ' 
l ~~~~~~~:.~:~~~~~: __ L_~;~;;:::;<;~;~;:~,:;~~~-_  ___ __ _ ____ ] 
Evaluate alternative 
tenders 
(including meeting 
technical specification) 
I I 
Invite tendering 
Receive tenders 
Evaluate conforming tenders 
(based on the lowest bid including 
meeting technical specification) 
Pre-award meeting 
Award a contract 
Set up a panel (ie, 
more than one 
evaluator involved) 
Figure 15 A selective tendering process with prequali:fication 
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Understand project requirements 
including time, cost, quality, safety, etc. 
Select contractors from 
various sources to prepare a 
short list including internal H Develop/select selection criteria lists, preregistration, industry 
sources etc. 
+ Develop a model that combines criteria 
Invite tendering 
Receive tenders (ie, gather tenderers' 
data according to selection criteria) 
Set up a panel (ie, 
more than one 
+ evaluator involved) 
Evaluate alternative Evaluate conforming tenders 
tenders (based on the lowest bid and meeting 
(including meeting technical specification) 
technical specification) 
Pre-award meeting 
Award a contract 
Figure 16 A selective tendering process without prequalification 
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I 
Understand project requirements 
including time, cost, quality, safety, etc. 
l 
Invite tendering Develop/select selection criteria I 
+ 
Select a model that combines criteria I 
~ 
Receive tenders (ie, gather contractors' 
data according to selection criteria) Set up a panel (ie, 
more than one 
+ i.' evaluator involved) 
Evaluate alternative Evaluate conforming tenders 
tenders (based on the lowest bid and meeting 
(including meeting technical specification) 
technical specification) 
+ 
_I Pre-award meeting 
+ 
Award a contract 
Figure 17 An open tendering process 
4.3.2 Tender evaluation criteria 
A variety of criteria are suggested to evaluate contractors' abilities. These criteria are 
always in the form of a hierarchy. The hierarchy of criteria should be developed 
according to existing organisational units of contractors, which makes this evaluation 
rational and practical. There is a strong belief that this development results in the 
success of project requirements/objectives, if the project requirements have been 
understood. 
4.3.3 Tender evaluation models 
Existing models in tender evaluation are: 
• personal judgment 
• weighting models 
• utility models 
• computer programs. 
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4.4 Operational definition 
The selective tendering processes with and without prequalification and the open 
tendering process refer to Figures 15, 16 and 17. 
Based on the existing organisational units of contractors, the criteria for tender 
evaluation are broken down into financial strength, quality management systems, 
human resources, public relations, procurement/contract, plant/equipment, 
engineering/construction and project managers as follows. 
4.4.1 Financial strength 
No contractor can operate their business without the management of a supply of 
money. How well a contractor manages (plans, monitors, controls and adjusts) this 
supply indicates their financial strength. Because of the prevailing uncertainty in the 
construction industry, unexpected events may incur unexpected cost to the 
contractor. Also the nature of the industry has limited the amount of cash to handle 
such events (Russell, 1990). If the contractor has low financial strength, they may 
fail. This failure is costly to owners, suppliers, subcontractors and the industry. To 
avoid engaging a 1 ow financial strength contractor, the question then a rises "How 
does the owner measure a contractor's financial strength to identify its financial 
position?" 
To answer this question, Russell (1990) suggested three subcriteria to measure 
financial capacity: credit rating, banking arrangements, and financial statement. 
Later, Liston (1999) added legal entity but this criterion is not as important. On the 
other hand, financial ratios were suggested by Diekman (1981) to measure financial 
stability. Whereas Ng and Skitmore (1998) found the four most commonly used 
methods in financial assessment were: ratio analysis, annual turnover, formulae and 
predictive models. Amongst these, the most commonly used in Australian industry 
are ratios analysis and annual turnover (Skitmore, 1999). The last two methods face 
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problems of accuracy and reliability (Ng and Skitmore, 1998). Clearly, some 
suggested criteria indicating financial strength overlap. 
Therefore to extract these suggested criteria, only three criteria are considered: (1) 
financial ratios, (2) banking arrangements and (3) credit ratings. To evaluate 
financial strength, data required from a contractor are banking arrangement 
statements and financial statements (balance sheets and profit and loss accounts). 
4.4.1.1 Financial ratios 
Financial ratios serve two main purposes: analysis and interpretation of financial 
statements (Liston, 2000). As an analytical tool, financial ratios are beneficial 
information extracted from financial statements, which aims at exploring trends and 
relationships in a contractor's finance. On the other hand, as an interpretative tool, 
financial ratios explain the information revealed by the analysis, which aim at 
synthesis to identify strengths and weaknesses of a contractor's finance. Most of the 
ratios are calculated from balance sheets and/or profit and loss statements. 
Various financial ratios are used as a convenient means to serve the two purposes. 
Collectively they give a whole picture of financial strength not obtaining by just one 
or two. However, using too many ratios may lead to confusion as the ratios are 
conflicting (Liston, 2000). Different researchers may use different ratios to measure 
financial strength reflecting different judgments. For this research, the groups of 
ratios investigated are (Liston, 2000): 
• Profit margins. The margins are an important factor indicating the success of a 
contractor's business. To make a satisfactory net profit margin, a contractor must 
have a sufficiently high gross profit and then keep its expenses down to a 
reasonable level. The higher the ratios, the more the profit margins received. The 
ratio for evaluating contractor margins is: 
• Gross profit on sales Sales revenue- cost of sales ---------- X 100% 
Sales revenue 
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• Turnover. Turnover ratios show the efficiency with which assets are used to 
produce sales. The higher the ratios (indicating the lower risk), the lower the 
profitability. There are a variety of ratios measuring contractor turnover: 
• Asset turnover ratio = 
• Asset turnover ratio = 
Sales 
-----------------------x100% 
Total liabilities+ Owner's equity 
Cost of sales x 1 OO% 
Stock 
• Financial structure. It is critical for the long run success of a contractor that the 
financial structure most suits to the nature of its activities and that its affairs are 
conducted so it achieves and maintains that structure. The profitability of a 
contractor to its owners c an b e improved through prudent use o f debt. This i s 
referred to as using leverage or gearing. A common way of measuring the degree 
of leverage of a contractor is: 
• Financial leverage ratio = Return on owner's equity x 1 OO% 
Return on total funds employed 
If the financial leverage ratio is equal to or greater than 1, the contractor is using 
leverage successfully. 
• Liquidity. Liquidity management is about managing cash. Therefore, there really 
is no substitute for a carefully prepared cash budget and continuous monitoring 
of cash balance and bank account. Certain financial ratios are widely used to 
measure liquidity. 
• Working capital ratio attempts to measure how easily a contractor can meet 
its current liabilities from its current assets which are expected to turn into 
cash in the normal course ofbusiness. 
Working capital ratio Current assets 
Current liabilities 
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• Quick asset ratio is a stricter measure of liquidity with a much shorter time 
horizon. It attempts to show how easily a contractor can meet its current 
liabilities which are due for payment in the immediate future out of those 
current assets which can be readily turned into cash. 
Quick asset ratio = 
4.4.1.2 Banking arrangements 
Current assets - Stock - Prepayments x 1 OO% 
Current liabilities - Bank overdraft 
Most contractors use outsourcing money to run their business. The money often 
comes from banks. When a contractor does not have sufficient working capital due to 
the lag between expenditures spent and payments received, banking arrangements 
can supply cash for the contractor to continuously execute the project (Russell, 
1990). Some contractors may not be given credit to supply a loan. This makes it 
difficult to continuously execute the project. 
To measure the banking arrangements in this research, Liston (1999) suggests the 
requirements to be considered are: which banking organisation, length of time with 
that bank, has the bank been prepared to back the contractor, does the bank provide a 
line of credit to the contractor, what interest rate does the bank charge the contractor, 
and what security has the contractor provided for the bank as collateral. 
4.4.1.3 Credit ratings 
The credit ratings show the preference level of outside organisations to the 
performance in meeting external financial obligations of a contractor. The 
information from suppliers, subcontractors, and credit reports helps to estimate the 
ratings. 
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4.4.2 Quality management systems 
Quality management systems, termed Total Quality Management (TQM), aim at 
continuous improvement of the quality of products and services to satisfy customers' 
needs based on the integration of all processes inside and outside an organisation. 
Due to its origination in the manufacturing industry, the concept of TQM may not be 
fully understood by construction industry. Also, the meanings of quality are various 
and usually lead to conflict amongst parties. An owner may interpret the quality as 
the level of excellence whilst a contractor the level of compliance with the 
specification (Mouatt, 1997). Clearly, both interpretations are conflicting. 
According to the former interpretation, Mazda is unlikely to be a quality car in 
comparison to Mercedes. This is open to much criticism. However, based on the 
latter, Mercedes and Mazda may both be quality cars if both satisfy different 
customers' needs/wants thereby forming different specifications. This example 
shows satisfying customers' specifications means achieving their quality. This 
interpretation is more appropriate for this research. 
As a management philosophy, quality management systems provide an outline 
procedure, which incorporates all the activities affecting quality, for quality 
assurance and control to be implemented in an organisation to ensure that the 
products and services meet customers' specifications. Several widely accepted 
standards for design and implementation of quality management systems are 
available, for example, ISO 9000 series; AS 3900 series; NZS 9000 series. 
In order to identify the quality performance position of a contractor for this research, 
three main activities based on the development of a quality system are considered: 
quality systems selection, implementation and audit. 
4.4.2.1 Quality systems selection 
Most owners accept international and local quality standards as an indication of 
specified quality achievement. Depending on a contractor's objectives and the scope 
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of its business, examples of standards to select from are Joint AS3900/NZS9000 
series and ISO 9000 series. These standards are ready to be installed in a contractor's 
organisation as the basis for establishing a Quality Assurance system. In the 
installation, a contractor has to satisfy requirements/elements of the selected 
standard. As measures of this selection, the full requirements of Joint 
AS3901/NZS9001 or IS09001 (suitable for design and construct contractors) are: 
• management responsibility 
• quality system 
• control review 
• design control 
• document and data control 
• purchasing 
• control of customer-supplied product 
• product identification and tractability 
• process control 
• inspection and testing 
• control of inspection, measuring and testing equipment 
• inspection and test status 
• control of non-conforming products 
• corrective and preventative action 
• handling, storage, packaging, preservation and delivery 
• control quality records 
• internal quality audits 
• training 
• serviCmg 
• statistical techniques. 
To ensure the level of compliance with the standard (ie, all the above elements), a 
contractor has to identify noncomplying elements and what plans or actions are taken 
against them. 
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4.4.2.2 Quality systems implementation 
After a particular standard is selected and installed, a contractor has to undertake 
necessary documentation to prove that standard elements are complied with. 
However, implementation of a quality system takes time because it requires the 
involvement of all personnel in all work processes inside and outside a contractor 
company. Three progressive steps of the implementation are acceptable (Hammond, 
1998): 
• Basic implementation. As a starting point, a policy that a contractor will commit 
to conduct a quality standard is announced. 
• Substantial implementation. By accreditation evaluation, a contractor may 
receive official substantial implementation position, if he can show: 
• policy statement and approved quality manual 
• organisational structure supporting the quality standard 
• documentation and implementation of the majority of the standard elements 
• documentation and implementation of associated work manuals and 
processes 
• a plan for full implementation of the standard. 
• Full implementation. Now, a contractor conducts full documentation and 
implementation (ie, satisfies all standard elements) at auditable standard. That is, 
the contractor receives an official certificate (eg, AS3901). 
How far the standard has been implemented is identified by the above three steps. 
4.4.2.3 Quality systems audit 
When a contractor receives an official certificate by a registered third party 
accreditation body (a Quality Assurance system have been installed), Quality Control 
will then be conducted to ensure that: 
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• the documented processes are in place ready to address the standard elements 
• the documented processes are being followed by a contractor 
• the documented processes are effective and suitable. 
By examining the mentioned documented processes, the level of the Quality Control 
of a contractor are identified. 
4.4.3 Human resources 
Any contractor cannot achieve its objectives without human resources. A contractor 
needs appropriate personnel to effectively and efficiently operate its business and 
projects. Also, the availability of necessary personnel affects the successful 
execution of projects. This is a matter of personnel management. Personnel 
management (indicating the approximate number of personnel and availability) are 
identified by investigating personnel management functions: personnel planning, 
development and maintenance. 
4.4.3.1 Personnel planning 
The planning provides information on what types of personnel will be needed, the 
number required, and when they are needed. To make the plan, a contractor has to 
consider the personnel demands for current and future projects and the current 
available personnel. An example of the plan that measures how well a contractor 
manages its personnel is: 
• A personnel chart which shows the personnel demands and supplies of a 
contractor along with a time horizon (Liston, 1999). 
4.4.3.2 Personnel development 
Due to environment changes and technology advancement, personnel ability should 
be developed in order to keep constant or higher productivity. Personnel 
development can be gauged by: 
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• Training such as job-centered training and training conferences by outside 
contractor organisations 
• Supervisor coaching. 
4.4.3.3 Personnel maintenance 
Highly talented personnel should be kept in a contractor company. A contractor 
should be able to provide motivation to these personnel. Such a motivation is 
identified as the ability of a contractor to maintain its personnel. This motivation 
looks at: 
• Competitive income/welfare. The higher the income/welfare, the greater the 
chance of keeping personnel. 
• Social status of a contractor company reflecting acceptance from outside the 
contractor organisation and people. 
• Promotion showing opportunities for personnel to go up the ladder of the 
organisational hierarchy. 
4.4.4 Public relations 
As a marketing technique, three main activities of public relations are (1) finding out 
a contractor's reputation, (2) planning to improve or maintain the reputation and (3) 
using communication skills to positively change public (including employee) opinion 
on the reputation (Starr, 1968). Clearly, all the activities focus on a contractor's 
reputation. The last two activities are used to build a good reputation, which mainly 
aims at creating demands in engaging the contractor. However, in order to examine a 
contractor's reputation, only the first activity is relevant to tender evaluation as this 
indicates what publics (ie, owners, suppliers, subcontractors and union or even 
community) think about the contractor. Recurrent criteria used by different 
researchers (Liston, 1999; Russell, 1990; Russell et at, 1990) to measure public 
relations (indeed measure reputation) are performance, and health and safety. 
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4.4.4.1 Performance 
Performance describes behaviours of a contractor in executing projects and operating 
its business. Based on time, indicators of level of a contractor's reputation to owners, 
suppliers, subcontractors and union can be: 
• Past performance. Liston (1999) suggests only performance within the last five 
years should be considered. As minimum measures for past performance, the 
following behaviours are investigated: 
• meeting time, budget and quality requirements 
• having the intention of chasing claims 
• having payment affairs to suppliers and subcontractors 
• having fraud scandals. 
• Current performance including any current conflicts with unions and within the 
contractor company, and any current litigation cases. 
4.4.4.2 Health and safety 
Although an owner does not necessarily have to be involved in a contractor's health 
and safety program, there is a move in the health and safety legislation to bring the 
health and safety under the responsibility of the owner (Liston, 1999). This is 
because health and safety issues affect the productivity of the whole community, not 
only that of the owner and contractor. They incur two major costs: 
• Economic costs of, for example, compensation, rehabilitation and accidents 
• Social and psychological costs of, for example, emotional trauma due to delays in 
compensation payments and long term emotional impacts of major disasters 
(Quinlan and Bohle, 1991). 
Different contractors may have different methods for dealing with health and safety 
issues due to the unique nature of a project and their policies. However, a common 
structure is investigated: 
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• Health and safety plans including a health and safety policy statement, safety 
training of employees, work place rules, accidence recording and reporting, and 
emergency preparations (CCH, 1996). 
• Health and safety controls. After the plan has been set up and then implemented, 
health and safety performance has to be controlled. Frequency of safety training, 
site safety meetings and inspection can be used as measures ofthese controls. 
4.4.5 Procurement/contract 
From a contractor's view, procurement is the processes of acquiring materials, 
products, services and sub work from outside sources ( eg, suppliers and 
subcontractors). Materials, some products and services may be acquired by using 
purchase orders whereas some subwork may be acquired by using subcontracts. In 
accepting any form of acquisition, there is a binding enforceable contract. 
Because price, quality and timing of delivery are important factors to acceptability 
under specification (Antill and Farmer, 1991), a contractor needs procurement plans, 
and delivery and subcontract controls to smoothly execute their projects. 
4.4.5.1 Procurement plan 
Before work begins on any project, a contractor should have detailed materials, 
products and subcontract schedules. These schedules will link 
engineering/construction, procurement/contract and financial/accountant departments 
together to provide an adequate flow of materials, products and subcontracted work. 
The position of a contractor's procurement plan is identified by the: 
• material schedule 
• subcontract schedule. 
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4.4.5.2 Delivery control 
As mentioned, quality and timing of materials, products and work are vital. Their 
quality has to meet the owner's specification and not be damaged. Also, they have to 
reach the site at the right time and in the correct sequence (Liston, 1999). As a 
measure of delivery control, several activities are investigated: 
• warehousing to prevent materials and products from being damaged and lost 
• distributing to keep records of the quantities used 
• receiving to verify the quality and quantity delivered. 
4.4.5.3 Subcontract control 
After a contractor wins a head contract to do a project, they may subcontract out 
parts of the project due to, for example, resourcing constraints and specialist 
requirements. As a result, the contractor loses some control over these parts. To keep 
control by the contractor, they have to send some parameters to subcontractors. The 
parameters used as measures of the level ofthe control are (Antill and Farmer, 1991; 
Birrell, 1985): 
• General conditions of subcontracts looking at subcontractors' rights and 
responsibilities, variations to subcontract work, method and time for payments, 
retention money, alternation of the subcontract price with changes in basic costs 
of labour and materials and dispute procedures. 
• Special conditions of subcontracts looking at the time allowed for execution of 
subcontracts, damages payable for the late completion and special restrictions on 
subcontractors. 
• Trade interaction between the contractors and subcontractors looking at work, 
services and facilities provided and charged by the contractor, and without 
charge. 
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• Methods of reviewing drawings and change orders looking at participants and 
time of notifications to participants. 
• Communication lines looking at the way that subcontractors know when they are 
needed on the project and site meetings for subcontractors. 
• Power leverages looking at the way that the contractor deals with extra work 
done by subcontractors and the way that the contractor deals with their or others' 
mistakes affecting subcontractors' cost. 
4.4.6 Plant/equipment 
Plant/equipment provides services to facilitate working operations. Potentially, it 
increases productivity ( eg, lower cost, shorter time and larger scale of work) of 
construction workers (Harries and McCaffer, 1982, 1991). 
However, plant/equipment may increase significant liability possibly resulting in 
financial difficulties. Only seeing a list of plant/equipment may be insufficient to 
identify a contractor's ability on overall asset management. Appropriate management 
activities will also need to be considered. Two essential activities to be considered 
are: plant/equipment acquisition and maintenance. 
4.4.6.1 Plant/equipment acquisition 
Broadly, plant/equipment is acquired by buying, renting, leasing methods or a 
combination of these. All the methods have advantages and disadvantages. A 
contractor may select one of these methods or a combination of them by balancing 
their advantages and disadvantages together with considering its policy ( eg, tax 
deduction, maintenance responsibility, disposal and renewal), company and market 
situations, and type of work. No matter which method is selected, the end results are: 
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• a list of plant/equipment showing its numbers and conditions 
• a plan of renting or leasing plant/equipment. 
These results can be used as indicators of the success of the acquisition. 
4.4.6.2 Plant/equipment maintenance 
Not only does a contractor have items of plant/equipment but also the contractor has 
to maintain them in order to guarantee their being available, meeting safety 
requirements, working properly, increasing lifetime. Cost/benefit analysis is 
necessary to determine the level of maintenance. However, this level depends on 
contractor policy which shows in: 
• Programmed maintenance involving a regular schedule of inspection/repair or 
replacement of plant/equipment by the workshop staff. 
• Spare parts stocking involving inventory to prevent shortage and non-timing 
delivery of the spare parts. This can reduce work-disruption time for 
plant/equipment. 
The two factors are considered to be a measure of the success of plant/equipment 
maintenance. 
4.4. 7 Engineering/ construction 
From a contractor's view point, projects are the smallest units of development to 
meet its objectives ( eg, profit maximisation). Projects generally require extraordinary 
resources and management in a limited period of time. Therefore, most contractors 
have arranged their organisational units and their tasks to meet these objectives. 
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Due to complexity, a project may be subdivided into subprojects, subsubprojects, 
tasks, subtasks and so on as a hierarchy, termed Project Breakdown Structure (PBS), 
to make the project more manageable. This PBS facilitates the management of time, 
resources, and budgets, which are always done at the lowest level. How well the 
management performed is identified by main project management activities: project 
planning, executing, monitoring and adjusting. 
4.4.7.1 Project planning 
As a preparation for action, planning involves deciding (1) what tasks from PBS will 
be done in what way, at what time and in what sequence, (2) what resources in what 
amounts are called for, and (3) what objectives are to be achieved. Different 
contractors have different ways of planning due to the different ways of their 
executing work. However, all should have the following plans to facilitate their 
work: 
• Master plans showing main activities ( eg, foundation and structure), milestones, 
and main resources required (eg, main plant/equipment and subcontractors) for 
the whole period of a project. 
• Detailed plans showing operating tasks in detail ( eg, foundation and structure 
formwork) for monthly, weekly, and daily tasks. 
• Resource p lans including man power p lans, m aterial p lans and p lant/ equipment 
plans. 
• Budgeting showing cash inflow and outflow of a project such as S curves. 
4.4.7.2 Project executing 
After the project plans are finished, the project is ready to start. To evaluate a 
contractor's project executing ability, the following factors are investigated: 
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• Communication of the plans to those involved. This illustrates the 
communication skills of a contractor. Tables, pictures and diagrams support the 
communication. 
• Technical ability showing basic technical knowledge and understanding of 
construction projects by considering length of experience, complexity and scale 
of projects done, type of projects done and in-house knowledge/technology 
currently used. 
4.4.7.3 Project monitoring 
Whilst a project is being executed, some assumptions may change and unexpected 
events may occur. This leads to the difference between planned and executed work. 
Monitoring the difference is measured by: 
• Continuous reporting including daily, weekly and monthly reports. 
• Analysed reporting for example a comparison between planned and executed S 
curves. 
These two reportings gives a good indication of the monitoring efficiency of a 
contractor. 
4.4.7.4 Project adjusting 
The difference between planned and executed work needs some adjustment. Budget, 
time and/or resources may be adjusted to narrow such differences. Actions taken 
based on time are: 
• monthly actions 
• quarterly actions 
• half yearly actions. 
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4.4.8 Project managers 
It is widely agreed that one of the keys to a project's success is the Project Manager, 
the PM. All the main activities are led and/or performed by a PM. Most PMs carry 
out these functions: 
• the development of master and resource plans in order to draw up budgets 
• the assurance of the attainment of master plans and budget plans 
• the investigation of plans, cost and technical results to ensure the attainment of 
project objectives and contractual reporting 
• the changes of controls (eg, monthly actions) to ensure configuration 
accountability affecting the project is success. 
As project managers play an important role in a project's success, evaluating the 
ability to manage projects involves evaluating the project managers of a contractor 
company. To do this, several factors to consider are suggested by Einsiedel (1984): 
4.4.8.1 Project management experience 
Experience can guarantee the success .of carrying out the above functions at a certain 
level. When the project is m~re complex, the experience of project managers is 
necessary. This experience reflects the ability of project managers in: 
• Problem solving skills. These skills support the implementation of solutions 
involving human interactions and relationships such as allocating project 
resource requirements and surviving company constraints. 
• Management of conflict. The mam cause of conflict is the imbalance of 
jurisdiction between functional departments and projects. How well the balance 
managed represents the ability of PMs by, for example, developing contingency 
plans with and without consultation with functional department managers and the 
regularity of meetings to review master project plans. 
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• Previous or current position. It is vital for a PM to be accepted by functional 
department managers and to be allocated with enough resources to implement 
any project. Creditability, social status and authority are also important when a 
PM is to command personnel assigned from functional departments. 
4.4.8.2 Communication skills 
Good communication skills mean that a PM can effectively and efficiently deliver 
plans, controls, tasks and standards to personnel who will be (are) carrying them out. 
These skills involve: 
• Observing information skills. Actively listening, reading and organ1smg 
messages are good indicator of a PM's ability to facilitate the control-delivery 
process. 
• Analysing information skills. These skills show the intelligence of a PM to 
separate between the relevant and related information. Then only relevant 
information is used to solve a particular problem. 
• Persuasive skills. When ideas have to be promoted and accepted for 
implementation, persuasive skills are vital in selecting an effective presentation 
method and the right time to suitable personnel. 
4.4.8.3 Adaptability 
Some projects operate under ambiguous and changing circumstances. Finding the 
best solution and implementing a solution within the constraints of time, cost and 
quality may not be enough. The way and time to do this are also important to the 
success of a project. The PMs have to be adaptable and able to handle ambiguity and 
change. The level of adaptability looks at the ability to balance between conserving 
and challenging traditional operations and behaviours in order to avoid conflict. 
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4.5 Methodology for data gathering 
To test the hypotheses, survey research - eg, mailed questionnaires including hand-
delivered questionnaires, telephone and interview surveys - was considered. To 
receive a high rate of return, a hand delivered questionnaire survey was selected to 
gather the data. This survey was chosen as it can cover a wide range of professionals. 
4.6 Questionnaire design 
Several methods can be used to acquire the necessary data, for example: survey, 
observation, and quasi/experiments. The selection amongst the three methods is 
based on three criteria: the p urpose o f the research, the characteristics o f samples 
proposed, and limitations of time and resources. The last two methods do not comply 
with the last two criteria. In addition, some phenomena (data) cannot be accessed by 
observation (Nachmias, 1976) or by experiments. Therefore, survey research was 
chosen. 
Within survey research, there are a variety of methods such as mail (or self-
administered), telephone, and interview surveys. Erdos (1970) provides some 
advantage of mail (or self-administered) surveys compared to the others: (1) Wider 
distribution; (2) Less distribution bias; (3) No interviewer bias; (4) Better chance of 
truthful and thoughtful reply; and (5) Time and cost saving. Thus, a self-administered 
(hand-delivered) survey was selected to gather data from the samples. 
4.6.1 Characteristics of questions 
The basis of the interview is questions (stimuli). The major characteristics of the 
questions designed were: 
• Sections were made to effectively communicate areas of interest. 
• The major responses were a tick or circle over a number. 
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• To retain high attention of the respondents, the length of time respondence was 
arranged at around 20-30 minutes. 
• Leading questions - i e, the questions are anticipated to get definite answers -
were carefully used in order to avoid biased answers. 
• Threatening questions - ie, question asking ''why" and "how" - were avoided. 
• Wording of the questions aimed at understanding of the respondent. Words that 
may be variously interpreted were avoided but, if necessary, they were explained 
as a frame of reference. 
• Sequence of questions started form simple to complex to develop interest letting 
the respondent move onwards. 
4.6.2 Purpose of asking questions 
There were only seven main questions with subquestions. The questions were 
divided into four sections as shown in Appendix B 1: 
• Section A: General information consisted oftwo main questions (Ql-Q2) aimed 
at gathering some characteristics of the respondents and their organisations and at 
probing the validity of the sources of data. 
• Section B: Criteria influencing the selection of a contractor (Q3) was aimed at 
eliciting the criteria and their degree of importance and at seeking other criteria 
potentially influencing tender evaluation. 
• Section C: Tender evaluation procedures comprised three main questions (Q4-
Q6) aimed at exploring tender evaluation procedures currently used by industry. 
• Section D: Tender evaluation models consisted of one main question (Q7) aimed 
at finding state-of-the-art models for evaluating contractors. 
Due to the qualitative nature of criteria, particularly in Section B, a hierarchy of 
subcriteria was developed based on the existing hierarchical organisational units as 
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discussed in Section 4.4. However, to ·assign a scale to the criteria there is a dilemma 
between ordinal and interval scales: Do the criteria have interval scales? or do they 
have only ordinal scales? (Nunnally, 1978). There is no universally acceptable 
answer for these questions. Practice suggests that interval scales are easier to analyse 
because of more available analytical procedures but more difficult to answer by the 
respondent. As a result, a trade-offarises in the selection between the two scales. 
That is, selecting an interval scale puts the onus on the respondent whereas choosing 
an ordinal scale puts the onus on the investigator (as the analyst). Therefore, a 
combination of Likert scale (an ordinal scale) and bipolar adjective scale (an interval 
scale) were applied. The Likert scale was used to verbally explain the pre-specified 
points within the range of the scale (1 =very low importance, 2 =low importance, 3 
= medium importance, 4 high importance and 5 = very high importance) for the 
sake of identically communicating meanings of the scale between the respondent and 
investigator; hence reducing the onus on the respondent. Whereas, a bipolar adjective 
scale (1 =very low importance .......... 5 =very high importance) was applied for 
the use of parametric analysis, ie, factor analysis; hence decreasing the analytical 
burden. In addition, Lehmann (1989) suggests" ... at best the scale is somewhat in 
between an interval [scale] and an ordinal scale." This combination is a compromise 
between the practical reality of data gathering and the methods of analysis, and is 
expected to render "a" most suitable measure. 
4.6.3 Confidentiality 
The data from the respondents were kept confidential. Confidentiality was 
emphasised to the respondents in order to increase the level of reliability of data 
possibly resulting from biased responses. 
4.6.4 Questionnaire test/modification 
Before distribution, the questionnaire was tested, as a pilot study, with seven 
postgraduate students (with widely diverging cultural backgrounds) at the school of 
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civil engineering, QUT in order to make sure that the data could be validly collected 
and the questions were able to be understood. Following modification, the 
questionnaire was tested again with one Australian and two Thai practitioners in 
tender evaluation. This resulted in the questionnaire being further modified to reduce 
the obscurity of the questions and to increase the clarity and conciseness of the 
questions. 
4.6.5 Distribution 
To receive cooperation in answering the questionnaire, a covering letter was sent to 
the organisations sampled. The need for cooperation and the purpose of data 
collection were presented. The questionnaire was distributed (hand delivered) to 103 
government and 107 private agencies in Bangkok, Thailand. All questions were 
translated into Thai to increase the level of validity of data as shown in Appendix B2. 
A verification of the translation is provided in Appendix B3. 
4. 7 Data preparation 
The necessary data were prepared for analysis in three main steps: 
• Coding; that is, data (variables) were transformed into number. Appendix B4 
shows coding manual. 
• Editing; that is, after the completeness and discrepancy of the data was inspected, 
the data were rectified by referring to the original questionnaire. 
• Transforming; that is, all the coded data were transformed into an SPSS file. 
4.8 Conclusions 
The findings from chapters 2 and 3 show that worldwide commonality in selecting 
criteria (to evaluate contractor ability and tenders) still does not occur. In 
115 
Chapter 4 A survey of tender evaluation: questionnaire design 
acknowledgment of the non-existi:~1g commonality, the theory of hierarchy, 
multilevel, systems was applied, as a conceptual framework, to develop the hierarchy 
of criteria. The hierarchy of the criteria was designed to correspond to contractors' 
organisational units. By using this concept, it was believed that a common set of 
criteria would appear. 
To test the belief, a hand delivered questionnaire survey was chosen. In addition, the 
questionnaire was designed to investigate tender evaluation procedures and tender 
evaluation models currently used by the Thai construction industry. 
The next chapter will analyse the questionnaire in terms of its quality and statistics to 
draw a conclusion regarding the belief and investigation. 
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5.1 Introduction 
In conjunction with chapter 4, after being prepared, the data were analysed using 
SPSS in relation to (1) sample characteristics, (2) data quality and (3) statistics. 
For the data characteristic analysis, the overall response rate is 68%. The government 
sector returned a 77% rate whilst that of the private sector was 59%. Both the sectors 
have a total annual contract value of AUS$24,932 million with minimum and 
maximum values of AUS$0.01 million and AUS$10,000 million. 
The quality of the data was tested in terms of validity and reliability. After that, three 
major statistical analyses were undertaken to (1) determine similarities and 
differences in selecting contractor ability criteria between government and private 
sectors by using comparison of importance index and ranking order and hypothesis 
tests, (2) examine relationships between all the criteria and measures by using 
correlation coefficients, and (3) apply factor analysis to group all correlated measures 
together. 
5.2 Sample characteristic analysis 
Types of organisations with their response rates are summarised in Table 2. The total 
rate of return was 68% (142). The government sector returned 79 questionnaires and 
had the highest return rate of 77%, whilst the private sector returned 63 
questionnaires at a return rate of 59%. This overall return rate is considered good as 
Babbie (1989) suggests that any rate over 50% can be reported, over 60% is good 
and over 70% excellent. The expected time for completing the questionnaire was 20-
30 minutes; but a comment from some respondents indicated that double this time 
was needed. Where organisations preferred to give 1 hour to complete a 
questionnaire, the importance of the subject to the industry is indicated. 
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Table 2 Sample characteristics in the Thai construction industry 
Number of Percent 
Sector Organisation questionnaires return 
Sent Returned 
Government Bangkok Metropolitan Administratio~ 20 16 80 
The Department of Accelerated Rural 3 3 100 
Development 
The Department of Highways 14 11 79 
The Royal Irrigation Department 20 13 65 
The Public Works Department 20 15 75 
The Electricity Generating Authority 25 20 80 
of Thailand 
The Airports Authority of Thailand 1 1 100 
---------------------------------------------------
------------ ------------- -----------
Subtotal 103 79 77 
Private Consultant 29 15 52 
Contractor 52 33 64 
Others ( eg, owners and engineering) 26 15 58 
---------------------------------------------------
------------ ------------- -----------
Subtotal 107 63 59 
Total 210 142 68 
.. Note: The government organisations are large. They have a number of multiple dec1s10n-makers for 
tender evaluation. 
The sectors involved have a total annual contract value of AUS$ 24,932 million with 
the minimum and maximum values of AUS$ 0.01 million and AUS$ 10,000 million. 
In terms of annual average, the government sector has a higher contract value (AUS$ 
306.9 million) than the AUS$ 138.3 million of the private sector. The government 
sector engaged in maintenance works totalling 11,205 contracts annually, followed 
by civil works with 6,186 contracts, services with 2,240 contracts, building works 
with 564 contracts and others works with 264 contracts. The results from the private 
sector indicated that there were 590 contracts in civil works, followed by 160 
contracts in services, 132 contracts in building works, 41 contracts in other works 
119 
Chapter 5 A survey of tender evaluation: data analysis 
and 20 contracts in maintenance works. A summary of the results is presented in 
Table 3. 
Table 3 A summary of characteristics of the respondents' organisations 
Sector Approximate average Contract values (M$) 
(Q 2.1) annual contract value (M$) (Q 2.5) 
(Q 2.4) Minimum Maximum 
Government 306.9 0.01 10,000.0 
Private 138.3 0.01 1,304.0 
Average annual number (Q 2.3) 
Sector Building Civil works Services Maintenance Other works 
works works 
Government 564 6,186 2,240 11,205 264 
Private 132 590 160 20 41 
Total 696 6,776 2,400 11,225 305 
Note: Bahts were converted to Australian Dollars usmg the exchange rate of23 Bahts/Dollar. 
5.3 Qualification analysis 
Measurement has long been being used as the linkage between concepts and reality. 
Various measurement instruments can be constructed for this linkage such as 
experiment sets, simulations, observations and survey questions. As the measurement 
instrument for studying the tender evaluation problem, the questionnaire was 
constructed to link conceptual and realistic criteria. Many criteria together with their 
measures were developed based on the theory of hierarchy, multilevel, systems (see 
Mesarovic et al., 1970) and the related previous research works (eg, BMA, DARD, 
DOH, PWD and RID standards for contractor registration; Hatush and Skitmore, 
1997; Liston, 1994, 1999; Russell, 1996; Russell and Skibniewski, 1988, 1990; 
Russell et a l., 1 992). The quality oft he constructed questionnaire ( ie, criteria and 
measures) needed to be assessed. To qualify the constructed questionnaire, the 
gathered data was tested in terms of validity and reliability. 
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5.3.1 Validity 
Validity means measuring what is expected to be measured. Several authors (Babbie, 
1989; Mertens, 1998; Nachmias, 1976) discuss various types of validities such as 
criterion-related, content and construct validities. The criterion-related validity needs 
criteria/standards to test. On the other hand, the content validity demands high 
understanding of meanings of the studying objects ( eg, problems and projects). The 
construct validity needs other parallel theories to test. 
Because criteria/standards are not available to tender evaluation and understanding of 
tender evaluation is limited, the criterion-related validity and the content validity are 
difficult to test. As such, a pilot study was carried out with postgraduate students in 
School of Civil Engineering, QUT, tender evaluation practitioners in Australian and 
Thai construction industries. Then the questionnaire was modified to reduce the 
obscurity of the questions and to improve the clarity and conciseness of the 
questions. This test provided a certain level of confidence in the criterion-related and 
content validities. 
The scant existence of other parallel theories does not easily allow testing the 
content validity. Thus correlation analysis was used to examine whether relationships 
amongst all criteria and their measures existed (cf, Nunnally, 1978). The results 
shown in Section 5.4.3.2 ensured that all criteria and measures were correlated and 
hence relevant to the evaluation of contractor ability. 
5.3.2 Reliability 
Reliability means the measurement instrument yields the same result over time. 
Many techniques can be used to test reliability such as test and retest, parallel forms, 
split-halves, and internal consistency methods (Babbie, 1989; Mertens, 1998; 
Nachmias, 1976). Each of the methods has its advantages and disadvantages. For 
example, although the test and retest and the parallel forms are easy to understand, 
the former suffers from repetitive measurement whilst the latter confronts a problem 
121 
Chapter 5 A survey of tender evaluation: data analysis 
of constructing parallel measure. On the other hand, the split-halves can rectify the 
problems of the previous two methods but it faces the inconsistent results of different 
splitting. The limits of the three methods can be improved by the internal consistency 
method such as Cronbach's Alpha and Kuder-Richardson formulas. However, the 
Kuder-Richardson method is used only for 0-1 scales. Thus Cronbach's Alpha was 
performed to test the internal consistency reliability of the questionnaire. In this 
study, the Alpha of 0.981 for the questionnaire test indicated a good internal 
consistency reliability (the Alpha should be greater than 0.7 (SPSS training, 1998)). 
5.4 Statistical analysis 
There are a number of statistical methods for analysing data. Some require normal 
distribution of data. Others do not. This requirement affects the accuracy of those 
statistical methods' results (or the quality of prediction). As such, before any 
statistical method was selected to analyse data, the shape of the distribution of data 
was examined. It was found (by using Skewness and Kurtosis) that a majority of data 
were not normally distributed. Thus, statistical techniques that do not require 
normality of data were selected to analyse the data in this section. 
5.4.1 Question 1 
"1. Please give some personal details, namely: 
1.1 Current position ............................................................................................................ .. 
1.2 Working duration in the position (yrs) 
1.3 Current function 
D Contract preparation 
D Contractor selection 
1.4 Your educational background 
D Architect 
D Quantity surveyor 
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The question was asked to obtain characteristics of the respondents in terms of their 
current positions, duration in the positions, current functions and educational 
background. A summary of the characteristics is shown in Table 4. 
Table 4 A summary of characteristics of the respondents 
Level of current Position Number in Percent in Working duration in the position 
(Q 1.1) the level the level (yrs) 
(Q 1.2) 
Minimum Maximum Mean 
Operations 62 43.7 1.0 28.0 5.6 
Middle management 70 49.3 0.5 30.0 4.8 
Top management 10 7.0 2.0 20.0 10.5 
Total 142 100.0 
Current function involved Number of the respondents Percent of the respondents 
in (Q 1.3) involved with the function involved with the function 
(out of all respondents) 
Contract preparation 13 9.2 
Tender evaluation 111 78.2 
Contractor selection 68 47.9 
Other function 19 13.4 
Education background Number of the respondents Percent ofthe respondents 
(Q 1.4) 
Architect 4 2.8 
Civil Engineer 97 68.3 
Quality surveyor 8 5.6 
Other 32 22.6 
Missing 1 0.7 
Total 142 100.0 
Table 4 shows that all respondents are valid persons within the parameter of this 
survey in terms of current positions, duration in their positions, current functions 
involved in tender evaluation and educational background. Furthermore, the 
respondents have experience in their functions between 0.5 and 30 years. 
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5.4.2 Question 2 
"2. Please give some details of your organisation, namely: 
2.1 Sector 
D Public D State enterprise D Private D Other ............ . 
2.2 Business 
D Owner D Consultant 
D Project manager D Engineering 
D Other ............................... .. 
D Architect 
D Contractor 
2.3 Type ofwork and average number of annual contracts 
D Building works and number .......... .. D Civil works and number ...... .. 
D Services and number ...................... . D Maintenance and number .... .. 
D Other ....................................................... . 
2.4 Approximate annual contract value (only your sole company) $M ................ .. 
2.5 Minimum and maximum contract values $M ..................... to $M .............. " 
The question was asked to gather characteristics of the respondents' organisation. 
Table 5 presents the characteristics. The sectors involved have a total annual contract 
value of AUS$24,932 million with the minimum and maximum values of AUS$0.01 
MILLION and AUS$1 0,000 million. In terms of annual average, the government 
sector (public and state enterprise) has the higher contract value (AUS$306.9 
million) compared to AUS$138.3 million for the private sector. The government 
sector engaged in the maintenance works totalling 11 ,205 contracts annually, 
followed by civil works with 6,186 contracts, services with 2,240 contracts, building 
works with 564 contracts and others works with 264 contracts. The results from the 
private sector indicated that there were 590 contracts in civil works, followed by 160 
contracts in services, 132 contracts in building works, 41 contracts in other works 
and 20 contracts in maintenance works. 
124 
Chapter 5 A survey of tender evaluation: data analysis 
Table 5 A summary of characteristics of the respondents' organisations 
Sector Approximate average Contract values (AUS$M) 
annual contract value 
(AUS$M) Minimum Maximum 
Government 306.9 0.01 10,000.0 
Private 138.3 0.01 1,304.0 
Number ofbusiness category of the organisation (Q 2.2) 
Sector Owner Consultant Project Engineering Contractor >one 
Manager business 
Government 50 - 1 - - 7 
Private 3 15 - 1 33 11 
Total 71 15 1 1 33 21 
Average annual number 
Sector Building Civil works Services Maintenance Other 
works works works 
Government 564 6,186 2,240 11,205 264 
Private 132 590 160 20 41 
Total 696 6,776 2,400 11,225 305 
5.4.3 Question 3 
"3. There are criteria important to the success of project requirements. What are the 
degrees of the importance? And what are other criteria together with their degrees of 
the importance not written down? ... " 
The question required the respondents to determine the degree of importance of 
listing criteria and to specify other criteria influencing the selection of a contractor. 
The main aim of the analysis was to find selection criteria for evaluating contractor 
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ability and their weight of relative importance. To achieve this aim, three major 
analyses were undertaken to (1) determine similarities and differences in selecting 
contractor ability criteria between . government and private sectors by using 
comparison of importance index and ranking order and hypothesis tests, (2) examine 
relationships amongst all criteria and measures by using correlation coefficients, and 
(3) apply factor analysis to group all correlated measures together. 
5.4.3.1 Test of similarities and differences 
To find similarities and differences between government and private sectors, means 
and standard deviations of all criteria and their measures were explored. However, 
means may not well represent data if the data have high standard deviations. Thus, a 
standardised ratio (making the standard deviation equal 1) of mean and standard 
deviation was constructed for the use of comparative purposes ( cf, Lehmann, 1989), 
which was written as: 
Importance Index Mean = 
Standard deviation 
To draw a conclusion as to whether government and private sectors consider criteria 
differently as they evaluate contractor ability, mean importance of each criterion and 
measure was compared using Mann Whitney U test. 
5.4.3.1.1 Comparison of ranking order and importance index across sectors 
A summary of the companson is presented m Table 6. Overall, the five most 
important criteria were: 
• "project planning" 
• "project monitoring" 
• "project management experience" 
• "ability to adjust a project" 
• "performance." 
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The five most important measures were: 
• "master plans" 
• "continuously reporting" 
• "a list of plant/equipment" 
• "past performance" 
• "problem-solving skills." 
Table 6 Comparison of the five most important criteria and measures 
Sector 5 most important criteria 5 most important measures 
Criteria Index Measure Index 
Overall Project planning 5.81 Master plans 5.22 
Project monitoring 5.70 Continuously reporting 4.93 
Project management 5.45 A list of plant/equipment 4.82 
expenence 
Ability to adjust a project 4.73 Past performance 4.82 
Performance 4.69 Problem-solving skills 4.80 
Govern- Project planning 6.07 Master plans 5.06 
ment Project monitoring 6.07 Past performance 5.06 
Project management 5.27 Continuously reporting 4.93 
experience 
Performance 5.01 Problem-solving skills 4.78 
Ability to adjust a project 4.78 A list of plant/equipment 4.67 
Private Project management 5.74 Technical ability 6.34 
expenence 
Subcontractor control 5.65 Budgeting 6.06 
Project planning 5.53 Master plans 5.57 
Project monitoring 5.25 Observation skills 5.36 
Financial ratios 5.15 Analysis skills 5.18 
Clearly both sectors considered "project planning," "project monitoring," and 
"project management experience" as very important. Therefore, these three criteria 
should be considered when contractors are evaluated. 
"Performance" and "ability to adjust a project" were indicated by the government 
sector as important. These two criteria largely affect the timeliness of a project, 
which guarantees that the fiscal year is not violated. On the other hand, the private 
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sector indicated "subcontractor control" and "financial ratio" as important because 
these two criteria extensively affect the cost of a project. This, in turn, ensures 
economic viability of private organisations in business. 
It is interesting to look at the criteria on quality and safety. As shown in Tables Cl 
and C2 in Appendix C, both sectors rated criteria "quality system selection" 
(importance indices of 2.94 and 3.64 by public and private sectors, respectively), 
"quality system implementation" (importance indices of 2.98 and 3.60) and "quality 
system audits" (importance indices of 3.44 and 4.32) as being of medium-to-high 
importance. Based on these results, the quality system selection, implementation and 
audits are not of major concern to either sector. On the other hand, although health 
and safety performance can block the execution of a project and lead to an additional 
cost to a project, it is rated as semi-important by the government sector (an 
importance index of 3.56) but as rather important by the private sector (an 
importance index of 4. 79). This reinforces the belief that any criteria possibly 
affecting project cost can be of great importance to the private sector. This is not true 
for the government sector: the major factor that affects this sector is time. 
On measures as shown in Tables C3 and C4, only "master plans" was indicated as 
highly important by both sectors but the government sector put a higher priority 
(ranked 1st) on" master plans" than did the private sector (ranked 3rd). This factor 
explains the belief that time is of more concern to the government sector. In contrast, 
the private sector expressed "budgeting" as very highly-important (ranked znd) 
because this measure helps to establish financial viability. However, the government 
sector ranked "budgeting" 26th, from which it can be concluded that financial 
viability is not a major concern for this sector. 
Other measures amongst the five most important for the government sector were 
"past performance," "continuously reporting," "a list of plant/equipment" and 
"problem-solving skills." The main reason why the first three measures are 
considered as important is that all these measures are prescribed by the government 
sector, and cannot be breached. Also, having "problem-solving skills" as a project 
manager is of major concern because most government organisations require 
contractors who have the ability to solve their own problems ( eg, allocating project 
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resource requirements, surviving company constraints and managing risk associated 
with the project) and to correct errors/mistakes that occur in the specifications and 
drawings. 
For the private sector, the remaining five most important measures were "technical 
ability," "observation skills" and "analysis skills." These three measures reflect the 
aim of the private sector, which is to make a profit from constructing the facility. To 
achieve this aim, the private sector wants contractors who have high technical ability, 
show basic technical knowledge and understand construction projects. Also, the 
contractors should have a project manager who has good communication skills and is 
therefore able to effectively and efficiently deliver plans, controls, tasks and 
standards to other colleagues. This then secures the completion of the facility on a 
pre-specified budget. 
Of interest are measures describing quality, and health and safety. Both the public 
and private sectors rated "AS 3 900 series" as being of 1 ow importance, (1.85 and 
1.86, respectively) whereas "ISO 9000 series" was of medium importance (2.54 and 
3.03, respectively). The comments from some respondents were that they were more 
familiar with standard ISO than with Joint standard AS/NZS. "Progressive steps of 
implementing a quality system" was rated by public sector as being of medium 
importance (an importance index of 3.09) but of rather high importance by the 
private sector (an importance index of3.98). 
Another interest was that "documented processes being followed by contractor," 
"documented processes in place ready to address standard elements," and 
"documented processes being effective and suitable" were rated as being of medium-
to-high importance with an importance index range between 3.53-3.16 by the 
government sector, and as rather-high-to-high with an importance index range 
between 4.15-3.76 by the private sector. Also "health and safety plan" and "health 
and safety control" were rated as of medium importance with an importance index 
range of 3.16-3.06 by the government sector and as rather-high-to-high with an 
importance index of3.95-4.08 by the private sector. 
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The comparison of ranking order between government and private sectors has shown 
that 3 out of the five most important criteria, 60%, are selected in agreement. 
However, only 1 out of the five most important measures, 20%, is similarly selected. 
fu addition, when importance indices· of criteria and measures on quality and health 
and safety are compared, the overall statistical figures show that the government 
sector places a lower priority on these criteria (importance indices of 3.23 and 4.09 
by government and private sectors, respectively) and measures (importance indices 
of 3.26 and 3.97 by government and private sectors, respectively) than does the 
private sector. Furthermore, as discussed earlier, the five most important criteria and 
measures indicated by the government sector are directed towards time requirement 
whilst those of the private sector are directed towards cost requirement. Nevertheless, 
at this stage it cannot be concluded whether government and private sectors consider 
criteria/measures differently as they evaluate contractor ability. To explore this 
further, hypotheses on which criteria and measures make the two sectors different at 
specified statistical levels were tested. 
5.4.3.1.2 Hypothesis test 
fu conjunction with the previous section, differences and similarities between the two 
sectors were further inspected. A nonparametric statistical test, Mann Whitney U 
test, was performed to compare the mean importance of each criterion and measure 
whether there was any statistical difference at the 95% level of confidence. 
Normality of population is not required. Hence this test was selected. 
The aim of the Mann Whitney U test is to draw a conclusion on the existence of 
mean differences of variables between two population groups which are selected 
independently (for more details see Seigel and Castellan, 1988; Keller and Warrack, 
1997). The test started with forming the null and alternative hypotheses: 
H0: The mean importance of each criterion and measure are equal for both 
government and private sectors 
Ha: Some mean importance of each criterion and measure are not equal for 
both government and private sectors 
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The null hypothesis was then tested against the a ltemative hypothesis. A 11 criteria 
and their measures for both sectors were compared as to whether any differences 
exist. The level of confidence used for the test was 0.95 (or the level of significance 
equalled 0 .05). This means the results o fthe test can be 9 5% trusted or have 5% 
error. The result is presented in Table C5 in Appendix C. 
Table 7 summarises the result. In the Table, only 5 out of twenty three criteria, 22%, 
were indicated as statistically different in terms of mean importance, namely, 
"financial ratios," "quality system implementation," "project execution," 
"communication skills" and ·~adaptability." Also, only 19 out of sixty three measures, 
30%, were statistically different, including "gross profit," "progressive steps of 
implementing a quality system," "competitive incomes/welfare," "master plans" and 
"budgeting." 
Table 7 Criteria and measures indicated as statistical differences between the two 
sectors 
Mean criteria indicated difference 
Financial ratios 
Quality system implementation 
Project execution 
Communication skills 
Adaptability 
* Mean measures indicated as difference* 
Gross profit 
Current banking organisation 
Average length of time that the contractor pays 
subs/suppliers 
Conditions in bank guarantee 
Progressive steps in implementing a quality 
system 
Competitive incomes/welfare 
General conditions of subcontractors 
Communication line 
Master plans 
Budgeting 
Contingency plans 
Communication of the plans to involved people 
Technical ability 
Management of conflict 
Previous and current position 
Observation skills 
Analysis skills 
Persuasive skills 
Tolerance for ambiguity 
* statistical dtfference at the 5% level of stgmficance 
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Clearly, less than 35% of the number of criteria and measures are indicated as 
statistically different at the 95% level of confidence. Therefore, it can be concluded 
that both government and private sectors consider criteria/measures similarly in 
evaluating contractor ability. 
5.4.3.2 Relationships between all criteria and measures 
To identify that the criteria and measures were valid and relevant to the evaluation of 
contractor ability, the relationships between them were examined. The Spearman 
Rank Correlation method was selected to calculate the correlation coefficient, r, 
because normality of population is not required (for more details see Seigel and 
Castellan, 1988). The interpretation of the coefficient is: 
• r value is minus, indicating a negative relationship. The more r approaches -1, 
the higher the negative relationship. 
• r value is plus, indicating a positive relationship. The more r approaches 1, the 
higher the positive relationship. 
• r value equals zero, indicating no relationship. 
The coefficient was used to test the hypotheses: 
H0: There is no relationship between the two criteria or the two measures 
Ha: There is a relationship between the two criteria or the two measures. 
The level of confidence for the test was 95% or 99%. Almost all criteria and their 
measures were correlated except that the criterion "quality system selection" was not 
correlated to its measure "AS 3900 series." 
For example, criteria considered ofboth high and low importance (resulting from the 
previous section) are shown in Table 8. In the table, the statistically significant 
relationships between the criteria and their measures are indicated by * (at the 5% 
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level of significance) or ** (at the 1% level of significance). Clearly "financial 
ratios" and "banking arrangement" had the weakest relationships with other criteria. 
That is, "financial ratios" did not correlate with "banking arrangement," 
"procurement plan," "delivery control," "project planning," "project execution," 
"project monitoring" and "ability to adjust a project." Also there were no 
relationships between "banking arrangement" and "financial ratios," "procurement 
plan," "subcontractor control," "project planning," "project execution," "project 
monitoring". However, "delivery control" was strongly correlated to "subcontractor 
control" as were "project planning" and "project monitoring." Similarly, there was a 
strong relationship between "project monitoring" and "ability to adjust a project." 
Table 8 Spearman rank correlation coefficient, r, often example criteria 
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Financial 
ratios I-----'-'-----1---------------------------------------------------------------------------------------------------------
Banking 0.145 
arrangement 
Credit ratings 0.386.. 0.607** 
f--------1---------------------------------------------------------------------------------------------------------
Procurement 0.127 0.219 0.247 .. 
plans 1--"-'-'-'----.,;__---1-------------------------- ----------------------------------------------------------------------------
Delivery 0.123 0.298** 0.473** 0.349 •• 
control 1------!---------------------------------------------------------------------------------------------------------
Subcontractor 0.209* 0.187 0.416** 0.479•• 0.540** 
control !--"-''-="-=----!----------------------------------------- ----------------------------------------------------------------
0.168 0.160 0.337** 0.356** 0.234* 0.324 •• 1 Project 
planning 1--"----"'---I---------------------------------------------------------------------------------------------------------
Project 0.033 o.137 0.214• 0.42o·· 0.225• 0.316.. 0.484 .. 1 
execution ~--===::..:::._--+--------------------------------------------------------------------------------------------------------
0.042 0.161 0.234* 0.415** 0.350 .. 0.336 .. o.57o·· 0.561 •• 1 Project 
monitoring 1--"-'-:-=..:;:~:..:.;:.:..,__-+--------------------------------------------------------------------------------------------------------
Ability to 
adjust a 
project 
0.092 0.309** 0.256* 0.369** 0.348.. 0.356** 
* at the 5 % level of significance; ** at the 1 % level of significance 
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In the overall section, criteria and measures were correlated. This confirms the 
relevance of all the selected criteria and their measures to the evaluation of contractor 
ability. Moreover, some measures were strongly correlated as one shared group, 
whilst other measures were correlated as another shared group. This means the 
highly correlated measures share a common factor. Thus they can be grouped 
together for the sake of understanding and modelling tender evaluation (the fewer the 
number of factors/criteria, the easier the model can be created and understood). The 
next section presents the method of grouping the measures using factor analysis. 
5.4.3.3 Factor analysis 
In order to group together measures which are highly correlated, factor analysis was 
chosen. Two basic reasons for the grouping are (1) the simplification of modelling 
(common sense suggests that the smaller the number of criteria, the easier the 
creation of a model) and (2) the exploration of the underlying structure of measures 
whether the structure is compatible with hierarchical organisational units of 
contractors. The details of factor analysis can be seen in Aaker et al. (1998) and 
Lehmann (1989). 
A condition required by the factor analysis model is that the number of observed 
samples must be greater than the number of variables/measures. The more the 
number of samples, the better the results. For this reason, any measures having an 
importance index of less than 3 (considered as of medium importance) were 
primarily removed. Accordingly, only 53 measures were used as input for factor 
analysis as shown in Table C6 in Appendix C. 
The main aims of using factor analysis were to group those highly correlated 
measures together and then to find weights of relative importance amongst those 
groups. 
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5.4.3.3.1 Correlation coefficient examination 
The coefficient, r, indicates the level of relationship between the two measures. The 
coefficient value ranges between -1 and + 1. The coefficient is interpreted similarly 
to that in Section 4.3.2, namely: 
• If r is nearly -1 or + 1, the pair of the variables is highly correlated; the variables 
should be in the same factor. 
• If r is nearly 0, there is a low correlation between the pair of the variables; the 
variable should be in different factors. 
• If r is nearly 0 between a variable and the other variables, the variable has a low 
correlation to the other variables and is not relevant to the problem; the variable 
should be removed. 
The coefficient values indicated that all measures were correlated. In addition, the 
coefficient values were used to test whether the data were appropriate for using 
factor analysis. The tests were: 
• The Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy. The value of 
the measure ranges between 0 and 1 (1 indicates adequacy whilst insufficiency is 
0). 
• Bartlett's test of sphericity. The test was done against the null hypothesis: no 
relationship amongst variables/measures, at the 95% level of confidence. 
Table 9 summarises the results of the tests. The KMO measure of 0.897 indicated 
adequacy for using factor analysis. Also, the Bartlett's test indicated relationships 
amongst measures (rejecting the null hypothesis), which was suitable for running 
factor analysis. 
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Table 9 KMO and Bartlett's test 
Kaiser-Meyer-Olkin measure of sampling adequacy 0.897 
Bartlett's test of sphericity I Significant 0.000 
5.4.3.3.2 Factor extraction 
As a result of examining correlation coefficients, the relationships for all measures 
are explored. Highly correlated measures were able to be grouped together. A variety 
of methods for the grouping are suggested. The most common method, the Principal 
Components was selected, because normality of population is not required. What the 
Principal Components does is to combine many correlated measures into a small 
number of components, namely: 
• the first component which contains the maximum information in all the 
measures. That is, this component has the largest variance. Thus, it can explain 
the problem most effectively. 
• the second component, which is independent of the first component, and contains 
as much of the remaining information in all the measures as possible, and so on. 
The result from examining the greater-than-one eigenvalues (characteristic values) 
of the principal components suggested 12 components to retain as shown in Table C6 
in Appendix C. Each row of the table contained factor loadings (a correlation-type 
coefficient between a measure and a component) that indicated which measures 
belong to each component ( -1 or + 1 indicate the measure belongs to the component 
but 0 indicates it does not). From the table, the values of factor loading were still not 
clear in indicating which measures should belong to which components because the 
values of factor loadings of many measures on each component were close. In order 
to make a clear pattern of this, a modification of the factor loadings by rotating the 
principal components performed in the next step was necessary. 
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Another important result of this step is the total vanance explainedt by each 
component. Table 10 summarises the result. The 12 components together accounted 
for 75% of variance of all the measures. The first component explained 39% of 
variance of all the measures whilst that of the last component explained only 2%. 
5.4.3.3.3 Factor rotation 
The rotation of the components/factors was to adjust the values of factor loadings so 
that the new values were closer to -1, + 1 or 0, which is the ideal result of the 
rotation. These new values make the grouping of measures easier if each variable has 
a high factor loading (close to -1 or + 1) on a single component but small factor 
loadings (close to 0) on the other components. 
Two main rotation types exist: orthogonal rotation (resulting in non-correlated 
components) and oblique rotation (leading to correlated components). To create non-
correlated components for the sake of sequential modelling, orthogonal rotation was 
chosen. In this rotation, variations exist. The most popular one is varimax rotation 
which attempts to ease the grouping by maximising the variances of the factor 
loadings on each component. Based on popularity, varimax rotation was selected. 
The rotated factor loadings are shown in Table C7 in Appendix C. This analysis has 
made it easier to clearly identify which measures belong to which components. 
Twelve components to retain were still suggested. The results are shown in Table 10 
in the shaded area. However, the prior theory (ie, the theory of hierarchy, multilevel, 
systems) being applied to the problem suggests that the selection criteria should be 
primarily decomposed according to existing organisational units of contractors. 
Based on a combination of this result and the prior theory, nine components were 
adopted for simplifying sequential modelling. 
t Percent of variance explained means how much each component/criterion can be explained by the 
original variables/measures. 
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Table 10 Total variance explained 
Component 
1 
Extraction sums of squared 
loadings (eigenvalues) 
Total 
20.553 
Percent of 
variance 
39 
Cumula-
tive 
percent 
39 
Total Percenb:if. 
variance 
.· 
11 
eu~91a""·•· 
•··· ·tiye· 
f}eitc~nt 
.... m · .. 
------------------- ---------- ---------------- --------------- ------~--- ---------~---~--· ~---~--~---~~-2 3.815 7 46 5.494 ro 
3 2.307 4 50 4.404 8 29 
---------4--------- --i~o66-- -------4------- ------ s-4-- ---- -- 4.o67-- ------ --s- ------ ----- jy-----
5 1.934 4 58 3.819 7 44 
------------------- ---------- ---------------- --------------- ---------- ---------------- --------------6 1.762 3 61 3.292 6 50 
7 1.525 3 64 2.609 5 55 
------------------- ---------- ---------------- --------------- ---------- ---------------- --------------8 1.358 3 67 2.550 5 60 
------------------- ---------- ---------------- --------------- ---------- ---------------- --------------9 1.265 2 69 2.546 5 65 
------------------- ---------- ---------------- --------------- ---------- ---------------- --------------10 1.103 2 71 2.060 4 69 
11 1.070 2 73 1.578 3 72 
------------------- ---------- ---------------- --------------- ---------- ---------------- --------------12 1.017 2 75 1.401 3 75 
5.4.4 Question 4 
"4. Which of the following procedures do you use for tender evaluation? 
Procedures How to make a short list? 
D Selective tendering D With prequalification (ifyou tick this box, answer question 6.1) 
D Without prequalification (if you tick this box, answer question 6.2) 
D Open tendering (if you tick this box, answer question 6.3) 
D Negotiated tendering 
The question asked for the procedures that are used in tender evaluation. A summary 
of the procedures used by the respondents is shown in Table 11. 
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From Table 11, 47.5% of the respondents use selective tendering with 
prequalification, followed by selective tendering without prequalification (29.5%) 
and open tendering (6.5%). This shows that selective tendering with prequalification 
is the most used in Thailand. 
Table 11 A summary of procedures used in tender evaluation 
Number and percent of each procedure used in tender evaluation 
Selective Selective Open tendering Negotiated More than one 
tendering with tendering tendering procedure used 
PQ withoutPQ 
No. % No. % No. % No. % No. % 
66 47.5 41 29.5 9 6.5 1 0.7 22 15.8 
Note: 3 samples missing 
5.4.5 Question 5 
"5. How many people are involved in evaluating contractors in your company? 
DOne D More than one D Don't know" 
The question was asked to confirm how many people were involved in tender 
evaluation. 94.7% of the respondents said that more than one was involved. It can be 
inferred from this that more than one decision-maker is involved in tender 
evaluation. Table 12 provides the summary. 
Table 12 The number of decision-makers involved in evaluating contractors 
Number and percent of the respondents answered about the number of decision-
makers involved in evaluating contractors 
Only one More than one Don't know 
Number I Percent Number I Percent Number I Percent 
0 I 0 125 I 94.7 7 I 5.3 
Note: 10 samples m1ssmg 
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5.4.6 Question 6 
"6. The following procedures are shown as flow diagrams. 
Within the diagrams, each block represents a step of the tendering process. If 
you do not agree with any step of the process, please change it, override it or 
show by a freehand sketch the modification you believe applicable .... " 
The question continued on from Question 4 to explore the processes of tender 
evaluation procedures. There were three broad procedures for tender evaluation: 
selective tendering with prequalification, selective tendering without 
prequalification, and open tendering. Most respondents agreed with the processes of 
the three broad procedures suggested but variations of the processes exist. Table 13 
summarised the degree of adjustment to the processes of the three procedures. 
Table 13 A summary of percentage of respondents making adjustments to the 
processes of the proposed procedures 
Tender evaluation procedure Percentage of respondents making adjustments to each 
proposed procedure 
Not adjusted Slightly adjusted Highly adjusted 
Selective tendering with PQ 88.4 11.6 -
Selective tendering without PQ 88.7 11.3 -
Open tendering 90.9 9.1 -
In the table, on the slight adjustment to all the three procedures, a comment was that 
both steps involving setting up a panel should move up ahead of the steps of 
"develop/select selection criteria" and "receive tenders." This possibly occurs where 
the owners develop or change selection criteria for every project. However, most of 
the respondents agreed with the positions of the two steps. Another comment was 
that the step of "evaluating alternative tenders" was rarely practised in Thailand ( cf, 
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Appendix Bl, Q6). More importantly, some respondents (especially from the private 
sector) commented that the lowest bid price was not the sole criterion for making the 
decision on selecting the best contractor. They said that the lowest bid price did not 
mean the lowest cost at completion. They included contractor ability in the decision. 
This presents a move for trading off between bid price and contractor ability to select 
the best contractor. After all the comments are considered, the three procedures ( cf, 
Section 4.3) are modified in actuality as shown in Figures 18-20. 
Understand project requirements 
including time, cost, quality, safety, etc. 
' ~----------------~--~ 
Gather contractors' data 
according to selection criteria 
I 
Prequalification or 
Short list preparation 
Invite tendering 
Receive tenders 
Evaluate conforming tenders 
(based on the lowest bid or a trading off 
between bid price and contractor ability) 
Pre-award meeting 
Award a contract 
Set up a panel (ie, 
more than one 
evaluator involved) 
Step2 
Figure 18 A selective tendering process with prequalification 
(showing a two-step evaluation) 
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Understand project requirements 
including time, cost, quality, safety, etc. 
Select contractors from various 
sources to prepare a short list Step 1 including internal lists, 
preregistration, industry H Develop contractor ability criteria I 
sources, etc . 
• Develop a model that combines criteria I Invite tendering 
I Receive tenders (ie, gather tenderers' I data according to selection criteria) Set up a panel (ie, 
more than one 
evaluator involved) 
Evaluate conforming tenders 
(based on the lowest bid or a trading off Step2 
between bid price and contractor ability) 
Pre-award meeting -, 
Award a contract l 
Figure 19 A selective tendering process without prequali:fication 
(showing a two-step evaluation) 
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Understand project requirements 
including time, cost, quality, safety, etc. 
l 
Develop contractor ability criteria 
• Select a model that combines criteria 
~ 
Receive tenders (ie, gather contractors' 
data according to selection criteria) 
L 
•• Evaluate conforming tenders 
(based on the lowest bid or a trading off 
between bid price and contractor ability) 
~ 
Pre-award meeting 
+ 
Award a contract 
Figure 20 An open tendering process 
(Showing a one-step evaluation) 
Set up a panel (ie, 
more than one 
evaluator involved) 
Step 1 
Based on the side comments of respondents, the results of investigating tender 
evaluation procedures confirm the findings from the literature review that three broad 
procedures exist (excluding negotiated tendering): the tender evaluation process with 
prequalification, the tender evaluation process without prequalification, and the open 
tendering process. All of these procedures involve multiple criteria and multiple 
decision-makers. Also, most respondents used a weighting method (to evaluate 
contractor ability and tenders) in tender evaluation. 
In addition, from Figures 18-20, the selective tendering processes with and without 
prequalification use a two-step evaluation to select the best contractor: step 1 
evaluating contractor ability and step 2 evaluating tenders. Whereas the open 
tendering process uses a one-step evaluation to select the best contractor. That is, bid 
price and contractor ability are evaluated at the same time. The two-step evaluation is 
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selected for developing a realistic working model because it allows the application of 
all the three procedures. This development will be discussed in the next chapter. 
5.4. 7 Question 7 
"7. Which of the following models/equations do you use for evaluating contractors? 
D Personal judgment 
D Weighting models, like 
Overall score = A summation of all of (weight x score of each criterion) 
Score is the quantity of a criterion of a contractor, which has no element of'riskand uncertainty. 
D Utility models, like 
Overall utility = A summation of all of (weight x utility of each criterion) 
Utility is the preference (representing a quantity) of the decision-maker for a criterion of a 
contractor, which includes his/her attitude toward risk and uncertainty. 
D Computer programs, like 
Expert systems or Artificial Neural Networks 
D Others, please specify ............................................................................................ . 
" 
The question was asked to investigate the current models that the industry uses in 
tender evaluation. The result showed that most practitioners used weighting models 
for evaluating contractors (48.6%), followed by utility models (35.9%). Surprisingly, 
personal judgment was used at a high rate of28.2%. A summary of tender evaluation 
models used is shown in Table 14. 
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Table 14 Tender evaluation models used in the industry 
Models used in tender evaluation Number of the respondents Percent out of all 
using the model respondents 
Personal judgment 40 28.2 
Weighting models 69 48.6 
Utility models 51 35.9 
Computer program, eg, ES and 21 14.8 
ANN 
Other 8 5.6 
5.5 A generic model 
As a result of the previous section, percent of variance explained, factor loadings and 
their normalised weights of relative importance are summarised in Table 15. The 
total percent of variance of nine criteria was 69%, indicated as "a" normal 
intercorrelations ("... the components accounting for 85 percent of the variance 
means unusually high collinearity, and ... accounting for 50 percent indicates 
atypically low intercorrelations amongst the original variables" (Lehmann, 1989).). 
The criteria "engineering/construction" accounted for the most variance (39%) 
followed by "procurement/contract" accounted for 7%. Surprisingly, "financial 
strength" accounted for only 3% of the variance because most contractors can use 
outsourcing funds to run their business. 
The hierarchy/set of these criteria with their normalised weights of relative 
importance is shown in Figure 21. 
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Table 15 Percent of variance, factor loadings and normalisedt weights 
Criteria and measures Percent of Factor loading Normalised 
variance weight,% 
(1) Engineering/construction 39 57 
Project planning 2.790 41 
Project execution 1.198 17 
Project monitoring 1.633 24 
Ability to adjust a project 1.253 18 
(2) Procurement/contract 7 10 
Procurement plans 1.245 21 
Delivery control 0.711 12 
Subcontractor control 3.954 67 
(3) Human resources 4 6 
Personnel planning 0.378 11 
Personnel development 1.479 41 
Personnel maintenance 1.747 48 
(4) Project managers 4 6 
Project management experience 0.602 15 
Communication skills 1.899 48 
Adaptability 1.500 37 
(5) Quality management systems 4 6 
Quality system implementation 0.600 21 
Quality system audits 2.303 79 
(6) Health and safety 3 4 
Occupational health and safety 0.702 100 
(7) Financial strength 3 4 
Financial ratios 0.476 15 
Banking arrangement 2.185 67 
Credit ratings 0.570 18 
(8) Plant/equipment 3 4 
Plant/ equipment acquisition 1.480 85 
Plant/equipment maintenance 0.255 15 
(9) Public relations 2 3 
Performance 1.298 100 
t "Normalise" means making the summation of weights equal1 or 100%. 
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57% 10% 6% 6% 6% 
1 Procurement plan, 21% ~ nm;uuuci jJii:tlHlHlg, 11% Quality system implementation, 21% 
execution, 17% Delivery control, 12% Personnel develonment Quality system audits, 79% 
Subcontractor control, 67% Personnel maintenance, 
'ect, 118% 
4% 4% 4% 3% 
I Occupational health and safety, 100%j Plant/equipment acquisition, 85% Performance, 100% 
Plant/equipment maintenance, 15% 1 Banking arrangement, 67% 
Credit 18% 
Figure 21 The hierarchy/set of contractor ability criteria with their weights of relative importance 
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To establish mathematical intercorrelation amongst the contractor ability criteria 
deduced from Figure 21, a weighted additive model can be written as: 
Contractor ability's index = 0.57 ENC + 0.10 PRC + 0.06 PM+ 0.06 HR + 0.06 
QMS + 0.04 HS + 0.04 PLE + 0.04 FS + 0.03 PR 
where 
ENC denotes "engineering/construction" 
PRC denotes "procurement/contract" 
PM denotes "project managers" 
HR denotes "human resources" 
QMS denotes "quality management systems" 
HS denotes "health and safety" 
PLE denotes "plant/equipment" 
FS denotes "financial strength" 
PR denotes "public relations." 
The model was used as a basis for the development of a realistic working model in 
tender evaluation. However, the model does not include (1) elements of risk and 
uncertainty and (2) preferences of multiple decision-makers involved. The next 
chapter will show how to combine the two issues into this model. 
5.6 Conclusions 
In this chapter, the data on (1) contractor ability criteria, (2) tender evaluation 
procedures, and (3) tender evaluation models were analysed. 
The analyses of the data on the contractor ability criteria were performed in three 
steps: 
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• Discovering the similarities and differences using the comparison of importance 
index (mean/STD) and using hypothesis tests on mean differences of 
criteria/measures between the two sectors. The result of hypothesis tests using the 
Mann Whitney U test was that the government and private sectors considered 
similar criteria when they evaluated contractor ability. This infers that if 
contractor ability criteria are developed consistent with organisational units of 
contractors, types of owners do not affect the selection of criteria. There may be 
differences of organisational units between contractors but most contractors in 
any countries perform similar functions to run their business. Thus, this inference 
is still valid. Consequently, a generic model for both government and private 
sectors can be developed. 
• Examining relationships between all criteria and measures using correlation 
coefficients. The result showed that the criteria and measures were correlated. 
These selected criteria and their measures were relevant to evaluating contractor 
ability. 
• Structuring all the measures using factor analysis. The theory of hierarchy, 
multilevel, systems led us to infer that the contractor ability criteria should be 
developed to correspond to existing organisational units of contractors. The 
results of the factor analysis confirmed this inference. One possible reason is that 
a common characteristic of all contractors is the existence of their organisational 
units, which structure an organisation. This commonality then led to a common 
set of contractor ability criteria. Although differences in organisational units 
between contractors may exist, similar necessary functions of contractors are 
performed to operate their businesses. Thus, this reason is still valid.· The results 
indicate a slight difference in the mean importance of criteria and measures 
between government and private sectors. Therefore, a generic tender evaluation 
model for both government and private sectors was suggested. These results are 
identified as important in providing a basis for further developing a realistic 
working model in tender evaluation. 
On tender evaluation procedures, most of the respondents (47.5%) used the selective 
tendering process with p requalification (refer to Figure 1 8). Whereas the selective 
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tendering process without prequalification (refer to Figure 19) was used at 29.5%. 
Both the procedures perform a two-step evaluation. That is, contractor ability is 
evaluated first and tenders are then evaluated based on the lowest price or bid price 
and contractor ability. It is important to note that sometimes practitioners did not use 
only the lowest bid to select the best contractor, because the lowest bid may not yield 
the lowest cost at completion. For this reason, they traded off between bid price and 
contractor ability before selecting the best contractor. This trade-off will be included 
in the d eveloped model in Chapter 7 . 0 n the o ther hand, a one-step evaluation i s 
performed in the open tendering process (refer to Figure 20). In this process, bid 
price and contractor ability are evaluated simultaneously. Due to the permission of 
the application of the three procedures, the two-step evaluation was selected to 
develop a realistic working model presented in Chapter 7. 
Moreover, around 95% of the respondents said that more than one decision-maker 
participated in tender evaluation (the remaining respondents said "don't know" and 
did not answer). This confirms the findings from the literature review in Chapters 2 
and 3 that in reality more than one decision-maker participates in tender evaluation 
decisions. Consequently, multiple decision-maker participation will be included in 
modelling the tender evaluation in the. following chapters. 
The investigation of the currently-used models showed that most government and 
private practitioners used weighting models for evaluating contractors. The 
weighting models do not allow the incorporation of risk arising from uncertainty and 
multiple decision-makers' preferences. Thus, the next chapter will develop a method 
using a combination of a utility function and a social welfare function, which 
provides this facility to decision-makers. 
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6.1 Introduction 
Uncertainty is always associated with tender evaluation decisions. This uncertainty 
then leads to the risk of unfavourable consequences/events when selecting a 
contractor as the best contractor to complete a project. To handle the uncertainty, a 
utility function is the best technique as discussed in Chapter 2 and recommended as a 
basis for modelling the tender evaluation. However, the determination of a utility 
function is a difficult task. To reduce this difficulty, a new method of utility 
measurement is proposed and used in this chapter. In addition, to facilitate the utility 
expressiOn for bid price, percentile of bid price distribution is introduced and 
employed. 
In reality, multiple decision-makers are always involved in tender evaluation 
decisions but the utility function has a limitation in dealing with the involvement. To 
handle this involvement, a social welfare function is introduced to aggregate all 
individual utilities so as to find the best contractor that satisfies the whole owner 
organisation. 
This chapter aims at developing a realistic working method using a combination of 
the utility and social functions through an example. In the example, the stepwise 
procedure of combining both the functions to select the best contractor for the whole 
owner organisation is demonstrated. 
6.2 A utility function 
Developed from the belief that different people value the same thing differently and 
illustrated by the fact that one dollar to the poor has more value than it does to the 
rich, utility theory has proved itself as a rational approach in analysing risky 
solutions. The development of cardinal utility was started by von Neumann and 
Morgenstern in 194 7. The theory has been used widely in various areas such as 
engineering, business and economics. 
152 
Chapter 6 Utility and social welfare function 
At present, utility theory suggests that the maximisation of the utility yields the best 
solution. By using the utility theory, two main types of preference of the decision-
maker can include ( cf, Kiangi, 1988): 
• preference of a decision-maker about uncertain consequences of solutions within 
any criterion, which affects the value (utility) of the criterion 
• preference of a decision-maker about the criteria selected, which reflects the 
weights of relative importance between the criteria. 
Different decision-makers have different utility functions. The differences in the 
decision-makers' utility function then show the different degrees of their attitude 
towards risk. Broadly three different patterns of the utility function have been found: 
risk aversion, risk neutrality and risk propensity as shown in Figure 22 (see Gupta 
and Cozzolino, 1974; Keeney and Raiffa, 1976). 
Utility Risk aversion 
.-Af---+---Risk neutrality 
Risk propensity 
Criterion 
Figure 22 Three broad patterns of utility functions 
In Figure 22, risk-neutrality-type people consider any value (utility) of any additional 
amount of any criterion linearly no matter what the amount is. On the other hand, 
risk-propensity-type people put higher values on any amount of any criterion. They 
prefer a small investment with small chances but possibly large returns. Conversely, 
less value is placed on any amount of any criterion by risk-aversion-type people. 
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Such persons are cautious about unfavourable events. 
As discussed in Chapter 2, although a utility function has the most superior ability, 
finding the utility function requires fixed and well-defined subjective judgment from 
decision-makers up front, which puts some cognitive strain on the decision-makers 
(Cohon, 1978). That is, they assume that all essential information for stating the 
subjective inputs can be obtained prior to solving an actual problem. However, in 
practice it is difficult to gain all necessary information before an actual problem is 
solved (Zeleny, 1982), which means one does not know their utility function. 
Therefore, a known utility function is assumed. A simple known utility function, 
representing the preference structure of the decision-maker, is developed and termed 
a multiattribute utility function. Various forms of these multiattribute utility functions 
are developed such as: additive, weighted additive, multiplicative or log additive, 
quasiadditive, multilinear functions, and so on (see Keeney and Raiffa, 1976; Zeleny, 
1982). 
The multiattribute utility function combines the values (utilities) of all single 
attributes of each contractor into an overall utility. A contractor selected as the best 
contractor is the contractor with the highest utility. An algorithm of the technique of 
multiattribute utility function is as follows: 
• Firstly, to convince the decision-maker that all this work is worth it, a meaningful 
assessment of this technique is introduced. 
• Secondly, a form of multiattribute utility function is appropriately selected as a 
utility function for the decision-maker, which represents their preference 
structure. This is difficult to perform in practice (Zeleny, 1982). Thus, an 
assumption that a particular form is correct for a given situation is often used. 
The weighted additive form is usually selected because of its simplicity, and can 
be written in a linear form as follows: 
L 
U (x) L Wj uj(xj) (1) 
j=l 
with constraints 
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where xis an attribute such as engineering/construction and procurement/ 
contract 
Wj is a weight of relative importance between the attributes 
Uj(Xj) is a utility function of attribute, Xj 
U (x) is an overall utility function 
L is the number of attributes 
Using this form, two fundamental types of independence have to be analysed: 
• preferential independence to show that the value trade-offs between two 
attributes is not affected by another attribute 
• utility independence to show that, for example, the first attribute is utility-
independent of the second attribute when the decision-maker's preferences 
amongst lotteries - as probabilistic equivalents in a decision tree, involving 
only the first attribute, with the second attribute fixed at a particular level -
do not depend on the level of the second attribute. 
To prove these two independences is a tedious task. Thus, an assumption for 
these two independences is usually made (de Neufville, 1990). 
• Thirdly, the weights for attributes are stated by, for example, performing 
regression analysis, directly articulating the weights by asking less subjective 
questions, and employing a pairwise comparison through value trade-offs. 
• Fourthly, each individual utility function for every attribute is searched by 
probabilistic elicitation, similar to the elicitation of a single-attribute utility 
function. That is, a series of two-choice questions (one is in certainty whilst the 
other is not) is asked to construct a utility function. 
• Fifthly, once the utility function has been found, the evaluation of the form's 
scaling constants is necessary to secure internal consistency (Zeleny, 1982). For 
example, a utility of 10 years of experience to one contractor should be equal to 
that of another contractor. Again, it is a fatiguing task. 
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• Sixthly, to evaluate each contractor the value of each attribute is transformed to a 
utility by the utility function obtained from the fourth step. Then, each of the 
utilities and its corresponding weight are multiplied and aggregated into an 
overall utility. Any contractor having the highest overall utility should be 
selected as the best contractor. 
• Lastly, the consistency of the overall utility must be tested against the decision-
maker's actual preference. Even though the utility function is established by 
previous processes, the utility function may not represent the decision-maker's 
preference over all attributes, perhaps because of, for example, analyst error, 
decision-maker error, change in decision-maker's attitude, or change in situation. 
An artificial problem may be used to test this consistency. 
Finding a utility function is time-consuming and fatiguing, if a number of attributes 
are involved. In addition, the utility function (including the choice of weights) can 
change over time in relation to a particular situation, which means a lot of effort is 
spent on finding the utility function but it can be used only once for the particular 
situation. As such, a utility function has to be developed every time for every 
situation. These considerations make utility approaches impractical for tender 
evaluation practitioners. To encourage the practitioners to use the utility idea, the 
theoretical method of finding a utility function as previously mentioned has been 
modified to be discrete. 
6.2.1 Utility measurement 
As shown in Figure 23, there are three main types of attitude towards risk: (1) risk 
neutrality, (2) risk aversion, and (3) risk propensity. The difference between the last 
two is deviation from the first, risk neutrality. 
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Utility Risk aversion 
T URP Risk neutrality 
Deviation 
t Risk propensity l' 
Deviation 
j_ 
URA 
Criterion 
Figure 23 Utility measuring 
Without risk and uncertainty, risk-neutrality utility (URN) will be expressed as shown 
in Figure 24, steps (1)- (2). 
Utility Risk aversion 
Risk propensity 
Criterion 
Figure 24 Utility measuring process for risk neutrality type 
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The deviation above URN results from a risk-propensity attitude (denoted URP); 
whereas that below URN from risk-aversion attitude (denoted URA). How large a 
deviation depends on the decision-maker's degree of attitude towards risk arising 
from uncertainty. Clearly, if a decision-maker has: 
• Risk aversion, the decision-maker will express a lower utility than URN, denoted 
URA 
• Risk propensity, the utility will be higher than URN, called URP· 
The steps, (1) - ( 4 ), in finding a utility for a criterion for risk aversion type are shown 
in Figure 25. 
Utility Risk aversion 
l' Risk propensity 
Deviation 
1 
Criterion 
Figure 25 Utility measuring process for risk aversion type 
On the other hand, the steps, (1 ') - ( 4 '), in finding a utility for a criterion for risk 
propensity type are shown in Figure 26. 
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Utility Risk aversion 
URP T Risk neutrality 
Deviation 
t URN Risk propensity 
Criterion 
Figure 26 Utility measuring process for risk propensity type 
To simply determine a utility, each decision-maker is asked to follow three steps: 
• Think ofthe utility (value) for the criterion without risk involved (URN) 
• Consider risk and uncertainty (resulting from, eg, market situation, political 
pressure, competition and crises) in selecting the contractor: whether they will 
perform within time, cost, quality and safety requirements 
• Express your utility for the criterion (URA or URP or even URN), depending on 
what type of risk attitude the decision-maker has. 
Here, the utility is an analytical value expressed by a decision-maker after risk in 
selecting the contractor is considered. 
6.2.2 A weighted additive model 
As a basis for modelling the tender evaluation, a special form of the utility function, 
a weighted additive model is selected because of its simplicity. It can be written in a 
linear form as follows: 
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11 
"'w~oru. L...J J J 
j=l 
with constraints 
for all contractors (2) 
where w ~~or is a normalised weight of a tender evaluation criterion obtained 
by solving the equation: 
w':or = 
J 
w. 
__ J_ X 100% 
11 Iwj 
j=l 
where Wj is a weight of a tender evaluation criterion 
Uj is a utility of a tender evaluation criterion 
(2.1) 
UCA is an overall utility indicating contractor ability for a single 
decision-maker 
n is the number of tender evaluation criteria 
constraints are ranges of any criteria that must not be exceeded. 
6.3 A social welfare function 
In most organisations, more than one decision-maker participates in tender 
evaluation. However, a utility function does not unite their individual participation. 
Therefore, a social welfare function is subsequently combined with the utility 
function to incorporate the participation, and can be written as: 
q 
"'W ucA for all contractors L...J k k (3) 
k=l 
where Wk is a positive weight of each decision-maker (the model treats all 
decision-makers equally) 
U~A iS a Utility indicating COntraCtOr ability Of the kth decision-maker 
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ucA is a social welfare utility indicating an overall contractor ability 
q is the number of decision-makers. 
By solving equation (3), the overall contractor ability, ucA, is obtained. The 
contractor ability ( U~A ) of each decision-maker will then be balanced with the bid 
price to select the best contractor by solving the equation: 
q UCA&Bp 
"(WCA ucA + WBp UBp) for all contractors L..J k k k k (4) 
k=l 
where w:P is a normalised weight of bid price of the kth decision-maker 
obtained by solving the equation: 
(4.1) 
where w~P is an articulated weight for bid price given by the 
kth decision-maker 
w ~A is an articulated weight for contractor ability 
given by the kth decision-maker 
w;A is a normalised weight of contractor ability of the kth decision-
maker obtained by solving the equation: 
U~P is a utility of bid price given by the kth decision-maker 
ucA&Bp is an overall social welfare utility. 
(4.2) 
Each contractor can be ranked according to their social welfare utility, ucA&Bp; or 
maximisation ofUCA&Bp provides the best contractor winning the contract. 
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6.4 An example 
With expansiOn in the growth of a company, an owner wants to build a new 
industrial workshop. This workshop project is comprised of 2 basements and 5 
floors, which will produce 1,500 square metres of working area. Two decision-
makers are involved in selecting the best contractor to complete the project. After 
tenders are called, three contractors respond. Their bid price details are given: 
Tenders Bid price (bath) 
A 5,400,000 
B 5,550,000 
c 6,000,000 
On the basis of the results in Chapter 5, to evaluate contractor the owner selects nine 
criteria, namely, "engineering/construction," "procurement/contract," "project 
managers," "human resources," "quality management systems," "health and safety," 
"plant/equipment," "financial strength" and "public relations." To gather the 
information of all the contractors, the details of these criteria are as follows: 
• Engineering/construction considers: 
• project planning looking at master plans, detailed plans, resource plans, 
budgeting and contingency plans 
• project execution looking at communication of the plans to people 
involved and technical ability 
• project monitoring looking at continuous reporting and analysed reporting 
• ability to adjust a project looking at weekly actions and monthly actions 
• Procurement/contract considers: 
• procurement plans looking at material schedule and subcontract schedule 
• delivery control looking at warehouse procedures, distribution procedures 
and receipt of goods 
• subcontractor control looking at general conditions of subcontracts, special 
conditions of subcontracts, interaction between the contractor and 
subcontractors, methods of reviewing drawings and change orders, 
communication lines, and power leverages 
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• Project managers considers: 
• project management experience looking at problem solving skills, 
management of conflict, and previous and current position 
• communication skills looking at observation, analysis, and persuasive 
skills 
• adaptability looking at tolerance for ambiguity and changes, and balance 
ability between conserving and challenging traditional operations or 
behaviours 
• Human resources considers: 
• personnel planning looking at a personnel chart 
• personnel development looking at in-house training, and supervisor 
coaching 
• Quality management systems considers: 
• quality system implementation looking at progressive steps of 
implementing a quality system 
• quality system audits looking at documented processes in place ready to 
address standard elements, documented processes being followed by the 
contractor, and documented processes being effective and suitable 
• Health and safety considers: 
• health and safety plan and health and safety control 
• Plant/equipment considers: 
• plant/equipment acquisition looking at a list of plant/equipment, and a plan 
of renting or leasing plant/equipment 
• plant/equipment maintenance looking at programmed maintenance, and 
spare parts stocking 
• Financial strength considers: 
• financial ratios looking at financial leverage ratio 
• banking arrangements 1 ooking at 1 ength o f time with that bank, backing 
preparation and a line of credit to the contractor from the bank 
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• credit ratings looking at average length of time that the contractor pays 
subs/suppliers, and conditions in bank guarantee 
• Public relations considers: 
• past performance and current performance. 
After the information on the above criteria was received, the flow diagram of tender 
evaluation as shown in Figure 27 was drawn up. 
y 
Identify decision-makers 
Identify contractors 
Articulate weights for contractor ability criteria 
Express utility for contractor ability criteria 
y 
Calculate an overall utility indicating contractor ability 
(for a single decision-maker) 
y 
Calculate a social welfare utility indicating contractor 
ability for all decision-makers 
N 
Figure 27 A flow diagram of tender evaluation (Step 1: evaluating contractor ability) 
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Input bid price of each contractor 
Articulate weights for bid price and contractor ability 
Express utility for bid price of each contractor 
Calculate an overall utility for bid price and contractor ability 
(for a single decision-maker) 
Calculate an overall social welfare utility for bid price and contractor ability 
(for all decision-makers) 
N 
y 
Select the best contractor 
Figure 27 (Continued, Step 2: evaluating tenders) 
The stepwise procedure to fmd the best contractor is the following: 
a) Articulate weights to contractor ability criteria. The two decision-makers give 
their weights as shown in Table 16. 
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Table 16 Weights given by two decision-makers 
No. Weight Normalised Weight Normalised 
Criteria given by weight for given by weight for 
DM1,% DM1,% DM2,% DM2,% 
1 Engineering/ construction 54 55 57 57 
2 Procurement/ contract 10 10 10 10 
3 Project managers 6 6 6 6 
4 Human resources 6 6 6 6 
5 Quality mangt systems 6 6 6 6 
6 Health and safety 4 4 4 4 
7 Plant/ equipment 4 4 4 4 
8 Financial strength 5 5 4 4 
9 Public relations 4 4 3 3 
In Table 16, the given weights are then normalised using equation (1.1) as shown in 
the shaded area. 
b) Express utility between 1 and 10 (1 indicates extremely low whilst 10 indicates 
extremely high) as shown in Table 17. 
Table 17 Utilities given by two decision-makers 
Utility given by DM1 for Utility given by DM2 for 
No. Criteria Contr Contr Contr Contr Contr Contr 
A B c A B c 
1 Engineering/ construction 9 8 9 9 9 9 
2 Procurement/ contract 9 8 9 9 8 9 
3 Project managers 8 8 7 9 9 9 
4 Human resources 8 8 7 8 9 8 
5 Quality mangt systems 8 8 8 9 9 9 
6 Health and safety 8 8 8 8 8 8 
7 Plant/equipment 8 8 8 8 8 8 
*ancial strength 10 8 9 9 8 9 
blic relations 9 9 9 8 8 8 
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c) Calculate an overall utility indicating contractor ability for a single decision-maker 
using equation (2). Table 18 summarises the calculation. 
Table 18 The overall utility for two decision-makers 
Decision-maker 1 Decision-maker 2 
Criteria Weight, Overall utility, wjoruj Weight, Overall utility, w joruj 
wnor wnoru 
I I 
wnoru 
2 2 
wnoru 
3 3 
Wnor wnoru 
I I 
wnoru 
2 2 
wnoru 
3 3 
% % 
for A forB for C for A forB for C 
Engineering/ construction 55 5.0 4.4 5.0 57 5.1 5.1 
Procurement/ contract 10 0.9 0.8 0.9 10 0.9 0.8 
Project managers 6 0.5 0.5 0.4 6 0.5 0.5 
Human resources 6 0.5 0.5 0.4 6 0.5 0.5 
Quality mangt systems 6 0.5 0.5 0.5 6 0.5 0.5 
Health and safety 4 0.3 0.3 0.3 4 0.3 0.3 
Plant/equipment 4 0.3 0.3 0.3 4 0.3 0.3 
Financial strength 5 0.5 0.4 0.5 4 0.4 0.3 
Public relations 4 0.4 0.4 0.4 3 0.2 0.2 
11 8.9 8.1 8.7 8.7 8.5 
:LwtUj 
j=l 
d) Calculate a social welfare utility indicating overall contractor ability for all 
decision-makers using equation (3) as the following: 
A social welfare utility for contractor A 8.9 +8.7 = 17.6 
A social welfare utility for contractor B 8.1 +8.5 = 16.6 
A social welfare utility for contractor C 8.7 +8.7 = 17.4 
The result shows that contractor A has the highest ability followed by contractors C 
and B, respectively. 
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e) Articulate weight for bid price and contractor ability as shown in Table 19. 
Table 19 Weights between bid price and contractor ability given by two decision-
makers 
No. Weight given Normalised Weight given Normalised 
Criteria byDM1 weight for byDM2 weight for 
% DM1,% % DM2,% 
1 Bid price 55 58 60 55 
2 contractor ability 40 42 50 45 
f) Express utility between 1 and 10 (1 indicates extremely high bid price; whereas 10 
indicates extremely low bid price) for bid price for all contractors. To facilitate 
decision-makers in the expression, percentile as a measure of distribution, is used. 
Table 20 shows the suggested utility deriving from percentile of bid price 
distribution. 
Table 20 Utility suggestion based on percentile of bid price distribution 
Condition for utility suggestion Suggested utility 
If bid price < piU 10 
If ptu < bid price < plU 9 
If plU < bid price < pJU 8 
If pJU < bid price < p4U 7 
If p4U < bid price < p::>U 6 
If p::>U < bid price < pou 5 
If pou < bid price < p7U 4 
If p'u < bid price < p1SU 3 
If p1SU < bid price < pYU 2 
If pYU < bid price < plUU 1 
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However, depending on subjective judgment, decision-makers express their utility in 
Table 21. 
Table 21 Utility on bid price given by two decision-makers 
Contractor Bid price (Baht) Suggested Utility by Utility by 
utility DM1 DM2 
A 5,400,000 10 8 9 
B 5,550,000 6 7 5 
c 6,000,000 1 5 5 
g) Calculate an overall social welfare utility for bid price and contractor ability using 
equation (4) for all decision-makers. The result is summarised as follows (the 
number of decision-makers, 2, and the coefficient of 100/10 divide equation (4) to 
level the overall social welfare utility to 100): 
An overall social welfare utility for contractor A = [(58 x 8) + (42 x 8.9) + 
(55 X 9) + (45 X 8.7)]/(2xlQ0/10) 
= 86 
An overall social welfare utility for contractor B = [(58 x 7) + (42x 8.1) + 
(55 X 5)+(45 X 8.5)]/(2X1Q0/10) 
70 
An overall social welfare utility for contractor C [(58 x 5) + (42 x 8.7) + 
h) Select the best contractor or rank the contractors 
(55 X 5) + (45 X 8.7)]/ (2xlQ0/10) 
66 
In step g), maximisation of the social welfare utility suggests that the contract should 
be awarded to contractor A, having the highest social welfare utility of 86. 
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6.5 Conclusions 
Due to the abundance of uncertainty in tender evaluation decisions, vanous 
techniques have evolved to cope with uncertain consequences of risky choices. 
Amongst these, the utility technique has been found to be the most superior. 
However, this technique is restricted to one decision-maker's involvement. As such, 
a social welfare technique, summing the individual utilities, appears to be the most 
attractive to democratic organisations. 
The main aim of this chapter was to develop a realistic working method using a 
combination of the utility and social welfare functions. This method seems more 
realistic than existing tender evaluation models because it considers risk stemming 
from uncertainty and preferences of multiple decision-makers. No existing model in 
tender evaluation has these capabilities. In the combination process, the utility 
function was simplified for practical application. This simplification proposed in this 
research helps to reduce the difficulty in expressing utility for contractor ability 
criteria. Percentile of bid price distribution proposed also helps to alleviate the onus 
on decision-makers in the utility expression for bid price. 
Lastly, an example was used to demonstrate how to combine these two functions. 
This demonstration provides a preliminary step for modelling the tender evaluation. 
To be adaptable to changes in circumstances, the method should have an interactive 
nature through a computer program. The computer program of the method is detailed 
in the next chapter. 
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7.1 Introduction 
In conjunction with chapter 6, the multicriteria and multidecision-makers' model 
proposed in this chapter is developed on the method using a combination of a utility 
function and social welfare function. The model uses a two-step evaluation to select 
the best contractor: step 1 evaluating contractor ability and step 2 evaluating tenders. 
These two steps consist of three main processes: (1) contractor ability criteria 
selection process, (2) contractor ability criteria balancing/measuring process and (3) 
bid price and contractor ability balancing/measuring process. Subjectivity arises 
within all these processes. In addition, a flow diagram is created to further analyse 
the logical order in all stages of the model process. This analysis then leads to refine 
the model process. After that, the three processes are coded using Excel with Visual 
Basic for Application (VBA). Excel is selected because it is a good calculating and 
reporting tool and also because o fits familiarity for most users. To automatically 
handle repetitive tasks and offer friendly interaction with users, VBA is used. 
Combined, these Excel, UserForms and codes (procedures) created the model. 
The chapter aims at developing a realistic working model capable of simultaneously 
putting together preferences of multiple decision-makers, covering elements of risk 
and uncertainty, and offering computer interaction that makes the model flexible to 
any changes in situation. 
7.2 Tender evaluation model process 
The tender evaluation model process is divided into two main steps: 
• Step 1 is evaluating contractor ability which consists of two processes: (1) 
contractor ability criteria selection process and (2) contractor ability criteria 
balancing/measuring process. 
• Step 2 is evaluating tenders, which comprises one process: (3) bid price and 
contractor ability balancing/measuring process. 
The two-step evaluation including the three processes is shown in Figure 28. 
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Figure 28 The tender evaluation model process (showing a two-step evaluation) 
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According to Figure 28, whilst the model is searching for the best contractor, 
decision-makers are required to provide or exchange subjective inputs in the forms of 
weights of relative importance or utilities (analytical values including risk arising 
from uncertainty). This presents interactive nature of the model. The following 
explain all the processes. 
7 .2.1 Contractor ability criteria selection process 
In this process, each decision-maker is provided with nine criteria (for evaluating 
contractor ability), namely: 
• engineering/construction (57%) 
• procurement/contract (10%) 
• project managers (6%) 
• human resources ( 6%) 
• quality management systems ( 6%) 
• health and safety (4%) 
• plant/equipment (4%) 
• financial strength ( 4%) 
• public relations (4%). 
With these criteria, their weights of relative importance derived from the 
questionnaire analyses in Chapter 5 are suggested in the brackets. However, these 
criteria can be changed as required by each individual decision-maker or added to, if 
necessary. This ability causes the model to be flexible to change in situations. 
7.2.2 Contractor ability criteria balancing/measuring process 
For each decision-maker, the main steps of this process are: 
• articulate weight (wj) for all contractor ability criteria (normally nine) 
• normalise weight using equation (2.1) in Section 6.2.2 
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• express utility {Uj) between 1 to 10 (1 indicates extremely low whilst 10 
indicates extremely high) for all the criteria for all the contractors 
• calculate an overall utility ~A) indicating contractor ability for a single 
decision-maker using equation (2) in Section 6.2.2 
• calculate a social welfare utility (UCA) indicating overall contractor ability for all 
decision-makers using equation (3) in Section 6.3. 
7.2.3 Bid price and contractor ability balancing/measuring process 
In this section of the model, decision-makers include bid price to select the best 
contractor. The stepwise procedure for each decision-maker is as follows: 
• input bid price of all contractors 
• articulate weight (w8P) for bid price 
• articulate weight (wcA) for the contractor ability 
• normalise weight using equations ( 4.1 and 4.2) in Section 6.3 
• express utility ( U~P) between 1 to 10 (1 indicates extremely high bid price whilst 
10 indicates extremely low bid price) for all the contractors 
• calculate an overall social welfare utility (UCA&Bp) for all decision-makers using 
equation (4) in Section 6.3 
• select the best contractor or rank the contractors. 
As an outline process, the model process helps to determine the main activities of 
tender evaluation. 
7.3 Model development 
To expand the outline process in the previous section for the purpose of further 
analysing the logical sequence in all stages of the model process, a flow diagram was 
developed. The flow diagram helps to plan the event-oriented computer program of 
the model as shown in Figure 29. 
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Start 
Input tender evaluation context: 
• User context 
• Type of project 
• Project context 
• Objective identification 
• Decision-maker identification 
• Contractor identification 
y 
Display contractor ability criteria and their weight 
Case I Case III 
Accept the criteria but change the weight 
Select the current decision-maker 
N N 
Display sub/criterion meanings Display mean weight records 
Bring weight records to the current 
tender evaluation 
Figure 29 The flow diagram of the model 
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Input weights for contractor ability criteria: 
• Engineering/construction between 46 and 48 
• Procurement/contract between 8 and 12 
• Project managers between 5 and 7 
• Human resources between 5 and 7 
• Quality management systems between 5 and 7 
• Health and safety between 3 and 5 
• Plant/equipment between 3 and 5 
• Financial strength between 3 and 5 
• Public relations between 2 and 4 
Normalise weight using: 
wnor = 
J 
wi 
---X 100% 
n 
Iwi 
j=l 
N 
Suggest how to express utility 
Input utility for contractor ability criteria: 
• Engineering/construction between 1 and 10 
• Procurement/contract between 1 and 10 
• Project managers between 1 and 10 
• Human resources between 1 and 10 
• Quality management systems between 1 and 10 
• Health and safety between 1 and 10 
• Plant/equipment between 1 and 10 
• Financial strength between 1 and 10 
• Public relations between 1 and 10 
y 
Calculate an overall utility indicating contractor ability for a single decision-maker using: 
n 
~wnoru. ~ J J 
j=l 
for all contractors 
(also normalise ucA to the maximum of 100 by dividing the above equation with 10) 
Figure 29 (Continued) 
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Calculate a social welfare utility indicating contractor ability for all decision-makers using: 
q 
"w ucA ~ k k for all contractors 
k=l 
(also normalise ucA to the maximum of 100 by dividing the above equation with q) 
Display contractor ability (showing overall social 
welfare utilities and social welfare utilities on each 
criterion including ranking order of contractors) 
y 
Figure 29 (Continued) 
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Step 2: 
Evaluating tenders 
Input weights for bid price 
and contractor ability 
Normalise weight using: 
WBp 
Bp k CA X 100% 
wk +wk 
Calculate percentile of bid price distribution 
(using Excel's functions) 
Display suggested utilities based on bid price distribution 
Input utility for bid price of 
each contractor 
y 
Calculate an overall social welfare utility for bid price and contractor ability for all 
decision-makers using: 
q 
UCA&Bp "" (WCA UCA + W Bp U Bp) for all contractors L..J k k k k 
k=l 
(also normalise UCA&Bp to the maximum of 100 by dividing the above equation with q) 
Display tender evaluation results (showing overall social 
welfare utilities including ranking order of contractors) 
Figure 29 (Continued) 
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Record the mean weights of 
contractor ability criteria 
Change the criteria and weight 
Select the current decision-maker 
N 
N 
Display sub/criterion meanings Display mean weight records 
Bring weight records to the current 
tender evaluation 
Select/add contractor ability criteria 
(If any criteria have less than 50% agreement, they will be 
removed) 
y 
Figure 29 (Continued) 
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Select the current decision-maker 
Input weights for contractor ability criteria 
Normalise weight using: 
w~or = 
J 
wj 
---X 100% 
n 
Iwj 
j=l 
Suggest how to express utility 
Input utility for contractor ability criteria 
selected/added between 1 and 10 
y 
N 
Calculate an overall utility indicating contractor ability for a single decision-maker using: 
n 
"'w~oru. L...J J J 
j=l 
for all contractors 
(also normalise ucA to the maximum of 100 by dividing the above equation with 10) 
N 
y 
Calculate a social welfare utility indicating contractor ability for all decision-makers using: 
q 
z:wk u~A for all contractors 
k=l 
(also normalise ucA to the maximum of 100 by dividing the above equation with q) 
Figure 29 (Continued) 
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According to Figure 29, the user first identifies the project environment, namely, user 
context, type of project, project context, objective identification, decision-maker 
identification and contractor identification. The last two items will be automatically 
used to support decision-makers along the tender evaluation process. 
The user then moves to step 1 (evaluating contractor ability). The nine contractor 
ability criteria with their weights (derived from the questionnaire analyses in Chapter 
5) are provided to decision-makers. Then decision-makers have three selecting cases: 
• Case I: Accept the criteria and weight. 
• Case II: Accept the criteria but change the weight. This case means decision-
makers accept the suggested criteria but they want to change the weight for each 
criterion. The model offers weights varying from -20% to +20% of the original 
suggested weight. The choice of the variation is under the writer's subjectivity. 
However, the range of variation available controls decision-makers so that major 
changes to the weights cannot be made to allow a decision-maker to pre-
determine the final choice. The model will normalise the weights automatically. 
• Case III: Change the criteria and weight. Here, the model allows decision-makers 
to select their own criteria and weight. Only the criteria that are selected by a 
minimum of half of the number of decision-makers are accepted. Then, decision-
makers have to give weights for the selected criteria. After that, the given weights 
will be normalised automatically. 
Thirdly, decision-makers have to express utilities (analytical values including risk 
consideration) for the selected criteria for all contractors. The utility manual informs 
decision-makers on: (1) meanings of utility and (2) how to express utility (details in 
Section 6.2.1 ). This manual facilitates the utility expression for contractor ability 
criteria. 
Fourthly, after the model has completely received/exchanged subjective inputs 
from/with all decision-makers, the contractor ability is evaluated. The results of this 
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evaluation are shown to decision-makers. If any decision-makers are not satisfied 
with the results, they can go back to change their weights and/or utilities. In order to 
provide a paper trail a program is available. Some contractors may be eliminated 
from bidding. The elimination depends on a decision-maker's judgment. For 
example, if any contractors have social welfare utilities less than 50, they should be 
eliminated from bidding; or, if any contractors have social welfare utilities less than 
50 on any criteria, they should be eliminated from bidding; or, the number of 
contractors should be less than 6 for submitting tenders so as to limit the number of 
unsuccessful contractors. The model leaves the decision to decision-makers. 
Fifthly, step 2 (evaluating tenders) begins. To evaluate tenders, the bid price of each 
contractor, the weight (to balance between bid price and contractor ability) and the 
utilities for bid prices are put into the model. Percentile of bid price distribution is 
calculated to facilitate decision-makers in expressing utilities for bid prices. After 
that, the results of the tender evaluation are displayed to decision-makers, if they are 
not satisfied with the results, they can again go back to change the weights and/or 
utilities. A report of the results can be made. 
Lastly, the mean weights of contractor ability criteria are recorded according to a 
specific type of the project for future use. 
It should be noted that the flow diagram is used only for analysing logical order at all 
stages of the model, which supports model programming in the next section. 
7.4 Model programming 
The tender evaluation process in the previous section was programmed using Excel 
with Visual Basic for Application (VBA). Due to advantages in calculation and 
reporting and the wide acceptance by users, Excel was selected. On the other hand, 
VBA was used for the sake of user friendliness and task-repetition management. 
VBA provides User Forms which allow the adding of controls ( eg, CommandButton 
and ListBox) onto them. These controls can store a number of procedures (VBA 
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code), which will activate when setting events occur. The details ofVBA can be seen 
in Walkenbach (1995, 1999) and Leclerc (2001). The tender evaluation model 
process (consisting of (1) contractor ability criteria selection process, (2) contractor 
ability criteria balancing/measuring process, and (3) bid price and contractor ability 
balancing/measuring process) was divided into seven main steps as shown in the 
front page of the model. Figure 30 shows this front page (showing connections 
between the steps). 
[? "huosoft Ewlel - Interactive model thai ' I ,. w~r ~...: 
Ellett Utilities 
:::..___ E_v_a_lu_a-.te_A_b_ll_lty _ ____.r Report Results 
l t 
.'--_E_va_lu_a_te_ Te_n_d_e_rs _ __,~ Database I 
Developed by Jakrapong Pongpeng and John Liston 
Figure 30 The front page of the tender evaluation model 
This page will give users the overall picture of the tender evaluation model process. 
The following describes the process step by step. 
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7 .4.1 Establish tender evaluation context 
This step lets users identify a project context, namely: 
• User context: user name and evaluation date 
• Type ofproject 
• Project context: owner name, project ID no., project name, and project start date 
• Objective identification . 
• Decision-maker identification as shown in Figure 31. (up to 9 decision-makers) 
• Contractor identification as shown in Figure 32. (up to nine contractors) 
Establish Tender Evaluation ConteNt ···• ''"!'-::-" s.-:~;i;-
:i:DM Nam,e 1 
19M Name,;2 
John 
Alex 
===========]:]; t,==========JI 
=~====-====:;:)) 1..,.... ........ -=--=====~~~ 
JC!lhn 
Alex 
Figure 31 Decision-maker identification menu 
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Establish Tender Evaluation ConteMt ~ '-'--::-- :, -·_,.~ 
Qmtr~efuf~oo~~a~-=---------:r~----~~==--:.--~------~ 
~~r ~mnfr.~r i: ======-=== == ii:>'1 ContrA 
Efrt.te.r €Qrjh\ac~ :2-:=====;::::::=== ~=~1 Contr S 
B:~,~r ~ci!itr~r 3t.====:=-= ~===·> I Contr c 
El1te.r" ~6!itr:adrilr ~: >::= = = :;.==-=====i'l> 
Er.l~n;:atntra~tor o';:====-===~===()> 
~te.r §c~l!itr?Ctpr :z :===========:J:>~ 
B:t~r \;:m~h:actx;ir ·a:============> 
., .. ter.,.,..,;,!')tr. ac+-nr m.=---~--------,.. ~~ ~ . ~~. .y.;l. "~·· -------~----;r 
ComtraGtor 2 
Cerrttactor 3 
Crontr A 
CIDI'ltr B 
Cmntr C 
Madi~y ~npt;~ts 
Figure 32 Contractor identification menu 
7 .4.2 Select criteria and weight 
et;~nfinae 
Users are provided with the nme contractor ability criteria derived from the 
questionnaire analyses in Chapter 5. Then users have three options as shown in 
Figure 33: 
• Accept the suggested criteria and their weight. This choice will bring users to 
the next step. 
• Change the weight. Users agree with the suggested criteria but want to change 
the weight for each criterion. If users select this option, they accept the 
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suggested criteria but want to assign their own weight for each criterion. The 
model provides users the menu to change the weight as required as shown in 
Figure 34. 
• Change both the criteria and weight. Users can select their own criteria and 
assign weight through the menus as shown in Figures 35 and 36. 
As tbe baSis, ~fkfoUBWJhg crit~la anft~ .weJ~wiiDbe \1~ for'ttfe-
e )fl~Uation Qf:PtlbJitaetj[)tiibiJW 
t% 
i Engineer;ing/construction 
2 Pmcurementjcontract 
3 Project mamagers 
4 Human resoui<ces 
5 Quality ,rnan~t systems 
6 Healfu anGJ safety 
7 Plant/equipment 
8 Financial st:rengtlh 
9 Public relatioii1S 
======..;;== 
To proceed~ ~¥1Sefl::japl"ogram y)a choosing y~qp.tieln belOw: =========-JI 
r~ · ·-· ···· ·~,·~··-·········· t'! ··-·· .. · · -··tt"·-·~ 
r.: ~~~~P9.~ .. !!9 ... ~;~.~~.~4 
Criterien Meaning~ J Review Weight Records I 
Figure 33 A tender evaluation criteria selection menu 
The "Review Weight Records" button permits users to use their weight database as 
the basis for weighting. The "Criterion Meanings" button explains the meanings of 
each criterion using sub-criteria and subsub-criteria as shown in Figure 37. 
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EKpress Your Weight ·:: _ 
S"e-leot 0 1"14 name~=============-=> 
~~~t~~~~~~~~~~~~~~====~~~:====r 
Emter weil:f.it' on En1iJineei1nll!/CO~rllttiGI;1 
Entllr"Weiijilt Otl f1r~rement/mntract 
Emt~ weiljAt on p'rojec~ manager-s between s al,'ltil 7;: 
El'lter wei!JAf en f;luman rJ3SOurce.s' betw.eey1s ana ~: 
Enter-w~~t' on Quality rna110t systems between c5 and 7,: 
Emter waiQf.it: Gll'l Health d!ild SFJfu;ty b . tw.een~~ 5: 
Emtllr we!OAt en P.lant'/e!1uifJment betw.een :=r anEI5: 
Enter we~Q~'!t en Financial strength between 3 and 5: 
Enter we!Qht''on Public relations betw.een 2 and ~-: 
Criterion Meanings I 
Figure 34 Expressing weight menu 
l hanqe cntena · - _ ~ 
~~~~------------~------~~~------------------------------=-
!!2.1 Select liltl'l na!T1t!: ====================> I John 
~ 8elect criteria: === ===== =============> 
The procedure wll repeat 1 and 2 untl al 
OMs select their criteria 
~0~~ (~~~~~~~~~~~~~~~~~~==~~~~~~~~ 
Enter~ YQU want to add: 
Aft$' flnishlr'lg ~ a aiterlon. ~ ~oo Add:=======~~==> Add 
r f'l'ogessi1g Crlterta 'lrl1lt 
Jom Aliox I' A 
lr 
Proc:ur.......nJcoril'ad •PrOCU'~rad lL Projed...,_a Projecl....,_a lbnenresou-ces Hunan reao.rces 
(;O.Ioll'y ....,gtr{Sioms Gluolly rnar'9 !S'fsle!M 
-h end safety Haellh end salaty 
~ ~
F'nanclol slrer9h F1nancloi atrarl!ih 
• ~ relollons P.\.di: raloltions 
' I' :·"•J,. •'!' "''~< , N! 0;!<, ~ ,~; H-1 
Criterion Meanings 
Figure 35 Changing criteria menu 
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E><pre<< Weiqht to Criteria . · • ~ : ,...- .... 
~ select li>M name: ======================::.======.:========> I John iJ 
...:J ~dt criteria: ==='====> I En<;lineerlnc;llconstructlon :::1 Give w~ between 46 and 68: ===>I II iJ 
Repeat 2 untO all criteria are weighted 
~~s~We~tmpA----------------~----------------------------------~ 
Criteria 
Engimeering/construction 
Procurement/contract 
Project managers 
Hurman ~esources 
Quality mangt systems 
Health and safety 
Plant/equipment 
Financial strength 
Public relations 
Good wi ll 
52 
10 
6 
6 
6 
4 
4 
4 
3 
5 
Criterion Meanings I 
Figure 36 Expressing weight to the changed criteria menu 
nqtneertnq/ cons1Tuctton 
En . tneertn /constructton 
r- t'onsLC!ler 1he Fa llowiAg S~::~boi; l1Er ~~ Procure mentjcontr act 
Project managers 
C1ltJ{ c:ln .ttf"S- cit.lterla below Y,o(J want Human resources Quality mangt systems 
Health and safety 
Project planning Plant/equipment 
Project execution Financial s-trength 
Prq'ject monitoring Public relations 
Ability to adj~::~st a project 
-
.. 
Figure 37 A criterion meanings menu 
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7 .4.3 Express utility 
On the basis of utility measurement in Section 6.2.1 (explained by clicking on utility 
manual), users can simply express utility for each criterion for all contractors. The 
progressing utility expression is immediately presented to users in order to ensure 
that users satisfy their utility as shown in Figure 38. If needed, the changes in utility 
can be made interactively. 
Express Youl' Utility y -'":~~ ..... 
Johrt1 express your uti lllty f(l):r Contr A 
Enter ~;ttility, mn Procurej'nent ontr-J~ct 
Er:tl:f ut iUt y, en P'r®jeict manag,ers 
lin~ utitif_y mn· 
E ter lit ilfty. • n QW"alit\y' mar)(jjt :S¥s£ei"n$ 
Bl:lfer utiUey en . ~tli a safety 
Ginter titlktv • n Prantf/ eqUJJ?fllertt 
~fer utili~ en F'inanmalstrengfll 
PJubl[c ~lations 
Utility Manual 
tl,etween il. ~ .10 
betw..een i 8Ad li 
Figurer 38 A utility expression menu 
However, before decision-makers express their utilities on all contractor ability 
criteria, they are encouraged to click on "Utility Manual" button. Then the utility 
manual menu will pop up as shown in Figure 39. 
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lte Utili r\'larual .• 
J._Mean_i;gj_~---·-----------· . 
Utility Is an arna~tlcal vak.le r.epresemtiAg fhe quaAtlty of a orlter·lDI'l of a contractor,, whldlls expressed 
after risk ir1 salectil:lg the cootractor Is COflSidered. 
2 utlity meastUroenwlt 
As shewn i1 F-k}Jre 1, 1Mree rnaln types of attirude fowards risk dnd l!J"l(ier.talnt)l e'XIst: ~~~ r~ avers)o(l, 
(2) risk neutrali\'f , (3) ancl risk progertSity. The cllffel'eJ)!:e between 'the last 'tWo Is deviatiOn fi'om 1he fTst, 
risk neutrality. 
Criterion 
Figure 1 Ptoc-eu e f ar wtlllty meas\;!Jrcement 
Figurer 39 A utility manual menu 
X 
The manual tells decision-makers the procedure for utility measurement as discussed 
in Section 6.2.1. 
7 .4.4 Evaluate ability 
This step evaluates contractor ability and reports the results for decision-makers as 
shown in Figures 40 and 41. If decision-makers are not satisfied with the results, they 
can go back to change their subjective inputs (ie, weight and utility) by clicking on 
the "Back to change weights" or "back to change utility" buttons until they are 
satisfied. The calculation for a single decision-maker uses equation ( 2) in Section 
6.2.2 whereas equation (3) in Section 6.3 is for integrating all decision-makers' 
utilities. 
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Evaluate Contractor· Ability -~ _ • ,,-
Click on the tabs below to see contractor ability: 
Seled li>M Dame ta see contractor rabil lty: ==>=> j :iltiluft'll iJ 
r ·Evalua!kl <1Qlllty re.swll!l as slioWA below: 
Coo tractor I Welralde Utlll tv il RaMk Order 
""' Contr A 87.5 l 
Goo!FC: 86.5> 2 II 
CootrB 93.G ~ I• 
It 
-
~- I I=: ~ 
Figure 40 The calculation result of evaluating overall contractor ability 
Evaluate Contractor· Ability · · ·• "- •·--:'L 
El'oQineer~constnJdion 
Procorem~,kontract 
Project ma~s 
Human resourc11s 
~lity manQt s-ystems 
Healtn and sa'f!!tY 
PlantJeQUijJment 
f.'nandal strenoth 
P.ubllc r~ 
Figure 41 The calculation result of evaluating contractor ability on each criterion 
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7 .4.5 Evaluate tenders 
Bid price of each contractor is included in this step to finalise tender evaluation. The 
weights (to balance between bid price and contractor ability) are required as shown 
in Figure 42. 
Evaluate Tenders - ~- ~ :._._, , 
EXpress 'ii'QO' We191t---------==,....------:==----·1f 
select OIVI name: ;::=========================> JoHn 
·==-~===~ 
!J1:X:it~igl;lt;=======-""=============="11 
EntEr yc;u weltjjlt placed on Bid PriCe between G cn:llOO ======> I ill !} 
EmtBr YfJS well;tlt placeel on C()J;)tractnr Ability between 0 arx:llOO ======> I 40 EJ 
Criteria 
Bid Price 
Contractor Abi li~ 
TOTAL 
li lnout Weiaht__ 
7€) 
4Q 
110 
I_NoFmalised W,eiaht 
64 
36 
fOO 
Figure 42 A bid price and contractor ability balancing menu 
II 
To facilitate decision-makers in the expressiOn, percentile, as a measure of 
distribution, is used. Table 22 shows the suggested utility based on percentile of bid 
price distribution. 
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Table 22 Utility suggestion based on percentile of bid price distribution 
Condition for utility suggestion Suggested utility 
If bid price < plO 10 
If plO < 
-
bid price < p20 9 
If p20 < bid price < p30 8 
-
If p30 < bid price < p40 7 
-
If p40 < bid price < p50 6 
-
If p50 < bid price 
-
< p60 5 
If p60 < 
-
bid price < p70 4 
If p70 < bid price < p80 3 
-
If p80 < bid price < p90 2 
-
If bid price > 
-
p90 1 
However, decision-makers can express utilities based on their subjective judgment. 
The calculation of an overall social welfare utility is performed by solving equation 
(4) in Section 6.3. Figure 43 shows the resulting calculations including the should-
win contractor, social welfare utilities and ranking order of the contractors. 
Evaluate Tenders -~""':.~ .. 
Tenaer Evaii.!JCftlon --==-....,.....,========---=---=:::=-==~,_...,=::;;:~~~~ 
sele<>t: IDM name te see -the 'ter.xier ev.aluation rest~ Its: = = = = > r1 :i•t~tJ#ilj;tJMijl[il - = :J;J} 
Gontractor 
ContrA 
ContrB 
Cootr e>: 
ted Adcdltive Welfcre utili 
Bade to ~ Utllty 1 
Figure 43 An overall social welfare utility menu 
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7 .4.6 Report results 
The results are presented in a tableau for clarity of comparison of contractors. Three 
main results to be printed were: 
• Overall tender evaluation. This result presents the ranking order and social 
welfare utility. Also, it suggests the should-win contractor. 
• Contractor ability comparison, which shows the contractor ability in terms of 
the social welfare utility and ranking order. 
• Contractor ability comparison on each selected criterion. Where the social 
welfare utilities of contractors are close in value, this result helps to determine 
strong and weak areas of contractors in order to facilitate the selection of the 
best contractor. 
7 .4. 7 Database 
In this step, the average weights, as measures of central tendency, are automatically 
calculated. Then, the average weights placed on criteria are recorded, corresponding 
to a specific type of project, for future uses. 
7.5 Conclusions 
Based on the literature findings that all existing tender evaluation models have a lack 
of integration in the joint area of simultaneously putting together preferences of 
multiple decision-makers, covering elements of risk and uncertainty and offering 
computer interaction, this research developed a more realistic working model 
incorporating the necessary capabilities mentioned. The developed model was 
divided into two steps: step 1 evaluating contractor ability and step 2 evaluating 
tenders, which consisted of three main processes: (1) the contractor ability criteria 
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selection process, (2) the contractor ability balancing/measuring process and (3) the 
bid price and contractor ability balancing/measuring process (refer to Figure 28). In 
all these processes, subjective inputs (a statement of preference) arise (exchanged 
between the model and the decision-makers or provided by the decision-makers): 
• In the contractor ability criteria selection process, the nine criteria with their 
weights of relative importance (derived from the questionnaire analyses in 
Chapter 5) were suggested to decision-makers. However, the decision-makers 
were allowed to change the weights and/ or the criteria, i f required, making the 
model flexible to changes in relation to a particular situation and perhaps flexible 
for use anywhere in the world. This suggestion of criteria and the facility for 
change show the exchange of subjective inputs between the model and the 
decision-makers. 
• In the contractor ability criteria balancing/measuring process, the decision-makers 
provided subjective inputs through expressing utilities for contractor ability 
criteria. In this process, a new utility measurement was also introduced and 
employed by the writer so as to reduce the difficulty in finding utility functions 
for all contractor ability criteria. 
• In the bid price and contractor ability balancing/measuring process, subjective 
inputs were provided via the articulation of weights for bid price and contractor 
ability. Then, subjective inputs were exchanged again through the suggestion of 
utility for the bid price (by the model) and the expression of utility for the bid 
price (by the decision-makers). Percentile was used to guide the decision-makers 
in expressing utility for the bid price. This suggestion helps to reduce utility-
expression onus on the decision-makers. 
After the model has provided the results of the evaluation (both in steps 1 and 2), if 
the decision-makers are not satisfied, they can go back to change their weights and 
utilities until they are satisfied with the results. This again presents the exchange of 
subjective inputs between the model and decision-makers through the resulting 
solutions. 
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Clearly, as the model is searching for the best contractor, subjective inputs are 
evolved. This evaluation leads to the reduction of the difficulty in finding fixed and 
well-defined subjective inputs upfront and offers an opportunity for changes to 
subjective inputs in relation to a particular situation. 
In addition, using Excel with VBA to create the model renders a good calculating and 
reporting tool and offers a friendly interaction. The next chapter shows the tests of the 
realistic workability of the model. 
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8.1 Introduction 
A main aim of the research was to develop a more realistic working model that is 
simultaneously capable of (1) compiling multiple decision-makers' preferences, (2) 
including elements of risk arising from uncertainty, and (3) providing sufficient 
flexibility to absorb changes of preference in relation to a particular situation via 
computer interaction. 
The confirmation of achieving this research aim was performed by testing the model 
for user friendliness, verification, sensitivity analysis and validation. These tests then 
show that the suggested model is more realistic than those including only one 
decision-maker preference and those having no computer interaction and not 
covering elements of risk and uncertainty currently, which are used in tender 
evaluation. 
8.2 User-friendliness 
In developing the model, the applied operations research techniques (utility and 
social welfare functions) were simplified to suit tender evaluation practitioners. 
Excel with VBA was selected because it renders a good calculating tool and a high 
interface between users and the model. To meet user satisfaction, the planning 
structure of the model was as follows: 
• Calculation. In Excel, one workbook with nine sheets was used to perform 
calculations. Within these sheets, Excel functions were used to reduce 
computing time - Excel calculates faster than VBA (Walkenbach, 1999). 
• Interaction between users and the model. In realising that some users may not 
be experienced sufficiently in using Excel, VBA's UserForms were used as the 
menus driving the whole tender evaluation process (refer to Figure 36). 
Furthermore, the UserForms visually assist user inputs, receive users' options 
and preferences, and then link to the Excel sheets for calculation. 
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Finally, the model was tested with one Australian tender evaluation practitioner, four 
Thai tender evaluation practitioners and one computer-program developer to improve 
its practical application. As a result, the model was modified until it satisfied current 
practitioners' requirements. In addition, during the test it was found that the utility 
measurement (Section 6.2.1) and the suggested utility for bid price (based on 
percentile of bid price distribution) was helpful in reducing the utility expression on 
the part of decision-makers. 
8.3 Verification 
As a process of showing that there are no bugs and errors, verification tests the 
accuracy of programs. It is a controversial but necessary part of any program proof in 
terms of techniques used (Millo et a/., 1979). Some programmers prefer to use a pro 
forma verification process, which is a step by step method using deductive science of 
reasoning. However, this method does not guarantee the absence of errors (Kiangi, 
1988). Others adopt a relaxed process, which is an informal or ad hoc method. This 
method may be more attractive to many programmers. Selecting such a process by 
comparison of needs, importance and beneficial results requires subjective judgment 
(Millo, Lipton and Perlis, 1979). Based on the writer's subjectivity, the relaxed 
process was chosen. Within the process, two broad proving methods were considered 
(cf, Kiangi, 1988): 
• Proof with existing knowledge. This can be performed by comparison of the 
model results with those of other models solving similar problems. However, 
because the existing tender evaluation models have different-element structures 
( eg, criteria, basic adopted procedures and assumptions), it is most likely that 
different results are obtained and, therefore, difficult to make the comparison. 
Thus, this method was not chosen for this research. 
• Proof with experimentation. A program normally comprises more than one 
module. The connections ( eg, value delivery/exchange and display) between 
these modules should be investigated for accuracy. An easily and popularly 
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used method is comparing the model results with those solved manually. Based 
on ease and popularity, this research adopted this method. Table 23 
summarises the results. 
Table 23 Comparison of the model results and the results solved manually 
Contractor Social welfare utility Social welfare utility derived 
derived from the model from solving manually 
(out of 100) (out oflOO) 
A 87 87 
B 72 72 
c 70 70 
Clearly, in the Table the model results are the same as those solved manually. In 
addition, the model itself was broken down into a number of procedures in order to 
monitor the calculating process. Value displays ( eg, weight and utility inputs and 
social welfare utility of each decision-maker) provide calculating tracks, helping to 
find bugs and errors. Furthermore, the diagram of the tender evaluation model 
process (refer to Figures 36 and 37) clarifies the logic of the model. Collectively, 
these methods declare the correct workability of the model. 
8.4 Sensitivity analysis 
No model can exactly copy reality (de Neufville, 1990), which means a solution by a 
model is an estimated solution to reality. When a model is developed, assumptions 
(eg, certainty, parametric measurement and hypothetical process) are always made 
due to constraints on resources ( eg, time and money). Therefore, obtaining only one 
solution from a model may not provide confidence in selecting the final solution. It is 
interesting to understand what changes in data inputs (ie, weight and utility) result in 
what changes in the model results. This understanding helps to identify sensitive (or 
even weak) points of the model and to make effective plans in response to those 
noticeable changes. 
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The changes in data inputs, resulting from uncertainty and inconsistency, lead to 
variation in the model results. If a small change in the data inputs alters the model 
results, these model results are sensitive. To investigate this sensitivity, each criterion 
in terms of weight and utility inputs was varied from -20% to +20%. Table 24 shows 
percentage change in social welfare utility of varying by ±20% weight; Table 25 
shows that of varying by ±20% utility. 
Table 24 Percentage change in social welfare utility by varying ±20% weight 
% change in social welfare utility after the weight 
Criteria · input of the criteria varied ±20% 
Minimum Maximum 
Engineering/construction -0.4 +1.1 
Procurement/ contract -0.3 +0.4 
Project managers -0.1 +0.4 
Human resources -0.3 +0.4 
Quality mangt systems -0.1 +0.4 
Health and safety -0.4 0.0 
Plant/ equipment -0.4 0.0 
Financial strength -0.4 +0.4 
Public relations -0.1 +0.4 
Bid price -2.7 +2.9 
In Table 24, amongst the tender evaluation criteria, 'bid price' is the most sensitive 
(-2.7% to +2.9% change in social welfare utility) followed by 'engineering/ 
construction' accounting for -0.4% to + 1.1% change in social welfare utility. This 
means that the bid price is the most important criterion and requires the highest 
attention from participants. However, variation of the social welfare utility does not 
change the ranking order of the contractors. 
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Table 25 Percentage change in social welfare utility by varying ±20% utility 
Criteria % change in social welfare utility after the utility 
input of the criteria varied ±20% 
Minimum Maximum 
Engineering/ construction -6.7 +8.6 
Procurement/ contract -1.6 +3.8 
Project managers -0.7 +3.8 
Human resources -0.7 +3.8 
Quality mangt systems -0.7 +3.8 
Health and safety -0.9 +3.5 
Plant/ equipment -0.9 +3.5 
Financial strength -0.9 +0.7 
Public relations -0.4 +0.4 
Bid price -10.9 +8.1 
Again in Table 25, the first and second most sensitive criteria are bid price (a range 
of -10.9% to +8.1% change in social welfare utility) and 'engineering/construction' 
(a range of -6.7% to +8.6% change in social welfare utility), respectively. This also 
does not alter the final ranking of the contractors. The results in both the Tables show 
the small changes in social welfare utility when weight and utility were varied from -
20% to +20%. Also, the variation does not change the conclusion (the ranking order) 
provided by the model. This presents a robustness of the model in absorbing changes 
resulting from uncertainty. 
8.5 Validation 
As an ultimate process convincing people that a model can do as it claims to do, 
validation makes the model acceptable or proves the following truth: the model does 
not assume that there is one decision-maker involved, considers risk arising from 
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uncertainty and provides computer interaction. This model then produces a more 
realistic result than those of existing models. 
Socrates says "agree with me if I seem to speak the truth" (after Millo, Lipton and 
Perlis, 1979). In this research, to reach agreement in Socrates' sense, the model 
results were compared with real-case results. Seven real-case projects in Thailand 
were selected: in cases 1-6 two decision-makers were involved and in case 7 three 
decision-makers participated. The Spearman rank correlation method was used to 
calculate correlation coefficients between real-case ranking order and model ranking 
order. Tables 26-32 summarise the comparison. 
Table 26 Comparison of case 1 and the model results 
Ranking order Ranking Correlation coefficient 
Contractor by owner (real- order by the between real-case and 
case) model model results 
A 1 1 
B 2 2 1.0 
c 3 3 
Table 27 Comparison of case 2 and the model results 
Ranking order Ranking Correlation coefficient 
Contractor by owner (real- order by the between real-case and 
case) model model results 
D 1 1 
E 4 2 
F 2 3 0.7 
G 3 4 
H 5 5 
Table 28 Comparison of case 3 and the model results 
Ranking order Ranking Correlation coefficient 
Contractor by owner (real- order by the between real-case and 
case) model model results 
I 1 1 
J 2 2 1.0 
K 3 3 
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Table 29 Comparison of case 4 and the model results 
Ranking order Ranking Correlation coefficient 
Contractor by owner (real- order by the between real-case and 
case) model model results 
L 1 1 
M 2 2 1.0 
Table 30 Comparison of case 5 and the model results 
Ranking order Ranking Correlation coefficient 
Contractor by owner (real- order by the between real-case and 
case) model model results 
N 1 1 
0 2 2 1.0 
Table 31 Comparison of case 6 and the model results 
Ranking order Ranking Correlation coefficient 
Contractor by owner (real- order by the between real-case and 
case) model model results 
p 1 1 
Q 2 2 
R 3 3 1.0 
s 4 4 
Table 32 Comparison of case 7 and the model results 
Ranking order Ranking Correlation coefficient 
Contractor by owner (real- order by the between real-case and 
case) model model results 
T 1 1 
u 2 2 1.0 
From the Tables, all the cases except case 2 have correlation coefficients of 1, which 
indicates the strongest relationship between real-case results and model results. In 
case 2, although the model suggests the successful contractor A as the same as that 
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selected by the owner, the correlation coefficient is at 0.7. This is possibly because 
one of the two decision-makers lost his data on the last three contractors (F, G and 
H). For this reason, during the test, the data input (ie, utility) for the three contractors 
was assumed as the same as that of the other decision-maker. This assumption causes 
a deviation between the real-case result and model result. If, however, the last three 
contractors are removed from the test, the model will yield the same result as that of 
the real-case. Thus this model is still valid in showing that it can perform as it claims. 
8.6 Conclusions 
To obtain a realistic working product, the model was tested for user-friendliness, 
verification, sensitivity analysis, and validation. The tests for user-friendliness relied 
upon the planning structure of the model and upon Thai tender evaluation 
practitioners' requirements. On the other hand, verification used experimental proof 
by comparing the model results and those solved manually. The logical diagrams (the 
model process and the flow diagram in Sections 7.2 and 7.3) also showed verification 
of the model. The sensitivity of the model was tested by the variation of data inputs 
(ie, weight and utility). As the ultimate test, the model results were validated with the 
seven real-case results. The tests showed that the model incorporating multidecision-
mak:ers' preferences, elements of risk and uncertainty and computer interaction was a 
more realistic working product in solving tender evaluation problems. Consequently, 
selecting the best contractor using this model results in (1) a saving in time and (2) 
the selection of a contractor that will perform within time, budget, quality and safety 
requirements. 
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Chapter 9 Conclusions and recommendations 
9.1 Conclusions 
Although many sets of tender evaluation criteria (contractor ability criteria and bid 
price) and many tender evaluation models have been suggested to select a competent 
contractor, construction problems such as budget overruns, extended time in planned 
schedules, low quality work and poor safety standards still occur. This presents 
drawbacks in current tender evaluation resulting from not selecting the best 
contractor to complete a project. Accordingly, the owners need a more realistic 
working model to evaluate contractors/tenders. 
However, a review of literature revealed that there is a lack of commonality in 
selecting tender evaluation criteria that meet a project's requirements and that 
existing tender evaluation models are not capable of simultaneously including 
preferences of multiple decision-makers, covering elements of risk and uncertainty 
and offering computer interaction, showing two gaps of knowledge that need to be 
filled. Therefore, the main research aims were to originally contribute to fill these 
two knowledge gaps by developing (1) a common set of tender evaluation criteria 
and (2) a more realistic working model incorporating the essential capabilities 
mentioned. 
The following sections conclude the research on the basis of its aims, starting from 
the tender evaluation survey, utility and social welfare functions, to the multicriteria 
and multidecision-makers' model. 
9.1.1 The tender evaluation survey 
A review of the literature on tender evaluation showed that there is no consensus on a 
common set of tender evaluation criteria, showing a gap of knowledge that needs to 
be filled. To fill this gap and to investigate tender evaluation procedures, tender 
evaluation criteria and tender evaluation models, the Thai construction industry was 
surveyed. A total of 210 questionnaires (translated into Thai) were sent to both 
government and private sectors. 142 questionnaires were returned at a return rate of 
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68 %, which was considered good. The data on (1) tender evaluation procedures, (2) 
tender evaluation criteria and (3) tender evaluation models were gathered and 
analysed (Chapters 4 and 5). 
9.1.1.1 Tender evaluation procedures 
The results confirm the findings from the literature review that three broad 
procedures exist (excluding negotiated tendering): the selective tendering process 
with prequalification, the selective tendering process without prequalification and the 
open tendering process. The first two processes employ a two-step evaluation: step 1 
evaluating contractor ability and then step 2 evaluating tenders based on the lowest 
bid or a trading off between bid price and contractor ability. On the other hand, the 
last process uses a one-step evaluation. That is, contractor ability and bid price are 
evaluated at the same time. Because the two-step evaluation allows the application of 
one-step evaluation, it was chosen for modelling tender evaluation in this research. In 
addition, all the procedures involved multiple criteria and multiple decision-makers. 
Furthermore, a comment from some respondents was that bid price was not the sole 
criterion in selecting the best contractor because the lowest bid did not mean the 
lowest cost at completion. They included contractor ability into the decision. This 
presents a move for trading off between bid price and contractor ability to select the 
best contractor. This move was included into the developed model in this research (in 
step 2: evaluating tenders). 
9.1.1.2 Tender evaluation criteria 
Three main analyses focusing on the degree of importance of criteria and their 
measures were performed: 
• Determining similarities and differences in the selection of criteria between 
government and private sectors using the comparison of importance index 
(mean/STD) and using hypothesis tests on mean differences of criteria and 
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measures. The results revealed that both the government and private sectors 
consider similar criteria in performing tender evaluation (in step 1: evaluating 
contractor ability). This then suggests a common set of criteria. 
• Examining relationships between all criteria and measures using Spearman rank 
correlation coefficients. Overall, the result showed that criteria and measures 
were correlated. 
• Applying factor analysis to group all highly correlated measures together. This 
resulted in all measures being grouped into nine criteria, namely, 
"engineering/ construction," "procurement! contract," "project managers," "human 
resources," "quality management systems," "health and safety," 
"plant/equipment," "financial strength" and "public relations," which were 
compatible with hierarchical organisational units of contractors. 
This section of the research attempted to develop a common hierarchy/set of criteria 
(for evaluating contractor ability, step 1) using data from the Thai construction 
industry. The theory of hierarchy, multilevel, systems led the writer to infer that the 
criteria should be developed to correspond to existing hierarchical organisational 
units of contractors. The results of the factor analysis confirmed this inference. One 
possible reason is that a characteristic common to all contractors in the world is the 
existence of their hierarchical organisational units, which in general structure an 
organisation as shown in Figure 44. The commonality then leads to the development 
of a common set of criteria. This common set, which is the result of the initial 
initiative in this research, improves on those of other researchers/organisations 
because here physical characteristics (ie, hierarchical organisational units) are 
included. This inclusion possibly increases the potential success of designing a 
hierarchical system which is likely to be used by the construction industry anywhere. 
Although differences in organisational units between contractors may exist, similar 
necessary functions are performed in order to operate their businesses. Thus, this 
reason is still valid. 
Another result from the Mann Whitney U test was that the government and private 
sectors considered similar criteria as they undertook tender evaluation (during the 
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evaluation of contractor ability, step 1 ). This result again infers that if criteria are 
developed consistent with organisational units of contractors, types of owners do not 
affect the selection of criteria, showing a generality of the set criteria proposed in this 
research. This generality helps to reduce the waste of world owners' repetitive 
resources in developing tender evaluation criteria (contractor ability criteria and bid 
price) and results in the development of a generic model (the multicriteria and 
multidecision-makers' model) for both government and private sectors. The 
development of the common set of tender evaluation criteria incorporated physical 
characteristics of contractors makes an original contribution to fill a knowledge gap 
in tender evaluation. 
I Managing board I 
I I I I 
Engineering/ Procurement! Project Human Quality 
construction contract unit managers resources management 
unit unit unit systems unit 
Health and Plant! equipment Financial Public relations 
safety unit unit unit unit 
Figure 44 Hierarchical organisational units of a contractor 
9.1.1.3 Tender evaluation models 
The result showed that weighting models were the most popular in the Thai 
construction industry. This was followed by utility models, personal judgment and 
computer programs. However, these models are not similar to what happens in 
reality (ie, there is no consideration of multiple decision-makers). Thus, the 
multicriteria and multidecision-makers' model proposed considered the involvement 
of multiple decision-makers. 
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9.1.2 The method: utility and social welfare functions 
To cope with risk stemming from uncertainty, a utility function was regarded as the 
best technique in analysing risky solutions. The utility function can incorporate (1) 
preference of a decision-maker about uncertain consequences in selecting a 
contractor within any criterion, which affects the value (utility) of the criterion and 
(2) preference of a decision-maker about the criteria selected, which reflects the 
weights of relative importance. However, finding a utility function is a difficult task. 
Thus, an assumption on a know utility was made. To be useful, a simple know utility 
function, termed a multiattribute utility function in a weighted additive form, was 
selected. Nevertheless, finding the utility function (a weighted additive form) is still 
difficult. To reduce this difficulty, the research introduced some modification by 
replacing theoretically determined utility function with a new utility measurement 
(Section 6.2.1) to suit tender evaluation practitioners. This utility measurement was 
found to be attractive to decision-makers during the model test. 
In addition, percentile of bid price distribution was introduced and used to provide a 
suggested utility for bid price to decision-makers so as to facilitate the expression of 
utility (Section 6.4). This suggestion was found to be helpful in reducing the 
difficulty of expressing utility for bid price during the model test. 
Although the utility function has the advantage of including risk in the 
contractor/tender analyses, it has a limitation in handling multiple decision-makers. 
To conquer this limitation, a social welfare function was found to be the most 
attractive in a democratic organisation. A social welfare function aggregates utilities 
of multiple decision-makers participating in tender evaluation. The main aim of the 
social welfare function is to search for the best contractor for the whole owner's 
organisation by aggregating utilities of all decision-makers. 
Having examined the utility and social welfare functions, it was found that 
combining both the functions provided a realistic working method. The method using 
a combination of both the functions was identified as state-of-the-art (Section 
2.4.2.2). This method (Chapter 6), with the new utility measurement developed, 
provides the capability of simultaneously incorporating risk and multidecision-
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makers' involvement. However, no existing tender evaluation model has these 
capabilities. Some include elements of risk and uncertainty but assume only one 
decision-maker involved. Others consider the involvement of multiple decision-
makers but have no consideration of risk and uncertainty. Therefore, this method 
shows a superiority over all existing tender evaluation models. 
9.1.3 The multicriteria and multidecision-makers' model 
The multicriteria and multidecision-makers' model proposed (Chapter 7) was broken 
down into two main steps (step 1 : evaluating contractor ability and step 2 evaluating 
tenders) consisting of three main processes: (1) contractor ability criteria selection 
process, (2) contractor ability criteria balancing/measuring process, and (3) bid price 
and contractor ability balancing/measuring process. The model used the method that 
combines a utility function and a social welfare function as the theoretical framework 
for its development. As such, the advantages of this method (proposed in Chapter 6) 
over all existing tender evaluation models are still inherent in the model. 
In this model, the theoretical technique of finding a utility function was adjusted for 
uncomplicated measurement of utility in order to suit tender evaluation practitioners. 
The process of the measurement is explained by the model to help practitioners 
articulate utility regarding risk, which leads to a reduction of utility-elicitation effort. 
A suggested utility for bid price based on percentile of bid price distribution is also 
provided. This helps decision-makers express utility for bid price. By using the social 
welfare function, the model can integrate preferences of multiple decision-makers. 
This integration reflects a reality of this model. 
To reduce strain on decision-makers and to adapt to changes, the model incorporated 
computer interaction in which Microsoft Excel performed data analysis tasks whilst 
Visual Basic for Application (VBA) was coded for user interaction. VBA's 
UserForms, functioning as the menus driving the tender evaluation process, lead 
decision-makers (users) to the end of the tender evaluation. As the model is 
operating, subjective inputs (a statement of preference) are exchanged between the 
model and decision-makers or provided by decision-makers. For example, in the 
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contractor ability criteria selection process, rune criteria with their weights for 
evaluating contractor ability are suggested to decision-makers. Then, each decision-
maker has three options: (1) accept the criteria and weight, (2) change the weight and 
(3) change the criteria and weight. Here, subjective inputs are exchanged through 
selecting one of these options. The last two options provide a flexibility permitting 
decision-makers to change the weight and/or criteria as required. This flexibility 
possibly makes the model adaptable for use in any country. 
Therefore, this multicriteria and multidecision-makers' model offers users a more 
realistic working solution that takes into account (1) preferences of multiple 
decision-makers, (2) elements of risk and uncertainty and (3) a flexibility to absorb 
changes in preference in relation to a particular situation via computer interaction, 
which could be used anywhere in the world. The capabilities of the model developed 
by the writer help to fill another knowledge gap mentioned, which make an original 
contribution to the body ofknowledge in tender evaluation. 
9.1.4 Model test 
To obtain a realistic working product, the model was tested (Chapter 8) for user 
friendliness, verification, sensitivity analysis, and validation with historical cases in 
construction practice. It was found that the incorporation of multidecision-makers' 
preferences, elements of risk and uncertainty and computer interaction is a more 
rational and realistic approach in solving a tender evaluation problem. Consequently, 
selecting the best contractor using this model results both in a saving in time and in 
the selection of a contractor that will perform within time, budget, quality and safety 
constraints. This in turn reduces the problems such as schedule delays, budget 
overuse, low quality of work and suffering of the public, which leads to the future 
growth of owners' organisations. 
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9.2 Recommendations 
9.2.1 Recommendations for further research 
The research was performed to contribute to (1) the establishment of a common set 
of tender evaluation criteria and to (2) the development of a more realistic working 
model for use in evaluating tenders. Recommendations are developed based on these 
two contributions as a base. 
9.2.1.1 The common set of criteria 
The common set of criteria developed based on existing hierarchical organisational 
units of contractors has been investigated only in the Thai construction industry. 
Although the result of the investigation does suggest that a commonality of criteria 
between the government and private sectors exists on this basis (which means types 
of organisations do not affect the selection of criteria), wider investigations in 
various countries is still necessary to support this inference, as a generalisation 
process. This wider investigation opens thew ay for further research. Also, in this 
investigation, some criteria such as "insurance" and "related entities" may be 
suggested to respondents for a specific interest. 
Then, other factors such as delivery systems and type and size of project may not 
affect the selection of tender evaluation criteria if the criteria are developed on this 
basis. The effects of these factors on the selection of criteria also need more 
investigation. 
Moreover, although the common set of criteria is suggested to the construction 
industry, the quantification of these criteria (including quality of data) has not been 
developed in this research. This development could be another direction for further 
research. 
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9.2.1.2 The multicriteria and multidecision-makers' model 
The direction for further research could be as follows: 
(i) In this model, the theoretical framework for dealing with multiple decision-
makers used a social welfare function as the aggregation tool. The aggregation tool is 
open to the criticism that persons are interested only in themselves and try to gain the 
most benefit for their own interests. A solution to deal with such criticism is to 
combine political prediction tools such as game theory into the model. 
(ii) For acceptance by tender evaluation practitioners, the model should be formatted 
in HTML (the World Wide Web language). This format accelerates a social process 
via the use of the World Wide Web. 
(iii) In reality, a decision is unlikely to be made based on the results of a computer 
program. Similarly, the results of the developed computer model will be fed into the 
pre-award round of meeting. Although the developed model produces (1) a ranking 
order of contractors and (2) strengths and weaknesses on each criterion (refer to 
Figure 41 ), some additional statistics could be included and then used to identify 
criteria in which the top three (say) contractors are significantly different to each 
other. Identification of these criteria could serve as a useful focus in the pre-award to 
confirm differentiation between contractors. This could be particularly important on 
those criteria with relatively low weighting such as "health and safety" and "financial 
strength". 
(iv) There is a tendency to want to exclude bias; however, it is better to catalogue it 
and deal rationally with it because it cannot be avoided. If a contractor has a 
reputation of "bid low then go for extra" resulting in bias to evaluators, this bias 
should not be excluded from the evaluation. The further developed model could be 
included bias inputs as additional remarks that will be revealed to the other 
evaluators at the end of the model process. This could be useful feed for the pre-
award. 
(v) The tender evaluation process potentially has an audit trail, particularly where 
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evaluators change their minds about weighting. Not only can this audit trail serve to 
demonstrate that due process has been followed, it could be used to investigate and 
understand (also potentially improve) the tender evaluation process itself where 
organisations adopt the approach as standard procedure. It may also be possible to 
develop a subsequent rating for project staff to complete after work. It is quite 
common in practice for the tender evaluators to have quite a different view of certain 
contractors compared ·with the project teams that have to work with them. It would 
be useful to be able to quantify such differences. 
9.2.2 Recommendations for the construction industry 
Based on the questionnaire tested with real practitioners and the literature review, 
different organisations always have different tender evaluation criteria. This leads to 
repetitive effort in developing the criteria. Hence, a tender evaluation criterion 
standard is necessary for the world (or at least regional) construction industry to 
reduce this effort and in tum to improve contractor ability. The tender evaluation 
criteria developed by this research (corresponding to physical characteristics of 
contractor organisations) is promising. It is suggested that these criteria should be 
used and then standardised. Once the standard tender evaluation criteria are released, 
periodical review and then improvement will be performed to maintain their 
applicability to current society in terms of, eg, technology, environment, politics and 
economics. 
Developed in conjunction with the tender evaluation criteria, the multicriteria and 
multidecision-makers' model blends multiple decision-makers' preference 
(representing whole organisation preference), risk stemming from uncertainty and 
computer interaction into the tender evaluation process. Thus, practitioners should 
use this model to select the best contractor to complete a project within time, cost, 
quality and safety requirements in order to save time and effort in tender-data 
analysis. 
217 
Appendix A 
Some conversion tables 
(mapping quantities of criteria into scores) 
The Royal Irrigation Department 
(after Tharavijitkul, 1990) 
Table A1 Conversion table for financial status 
Criteria Score 
1 2 3 4 5 6 8 9 10 11 12 13 14 15 
Nominal capital 1.25 2.95 4.64 6.34 8.03 9.73 13.12 14.82 16.51 18.21 19.91 21.60 23.29 25.00 
(MB) 
Bank credit 1.00 5.33 9.66 14.00 22.65 26.98 35.64 40.00 
(MB) 
Net worth 1.00 2.36 3.72 5.07 6.43 7.79 10.50 11.86 13.22 14.57 15.93 17.28 18.64 20.00 
(MB) 
N 
Table A2 Conversion table for experience 
-1.0 
Criteria Score 
1 2 3 4 6 7 8 9 10 11 12 13 14 15 
Experience in 2.0 2.5 3.0 3.5 4.5 5.0 I 
construction work 
for 5 years 
continuously, yrs 
Approximate 2.5 50 75 100 150 175 200 
value of all 
contracts 
completed within 
last 5 yrs, MB 
Maximum value 10 20 30 40 60 70 80 90 100 110 120 130 140 150 
I of contracts 
completed within 
last 5 yrs, MB I 
N 
N 
0 
Table A3 Conversion table for equipment 
Criteria 
1 2 3 
Cost of equipment 2.5 3.75 5.00 
(MB) 
Table A4 Conversion table for personnel 
Criteria 
0.25 
Engineers 
• Number of senior civil 
engineers 
• Number of associated civil 
engineers 
• Number of junior civil 
engineers 
• Number of other engineers 
Technicians 
• Number of technicians having 
experience less than 5 yrs 1 
• Number of technicians having 
experience between 5-10 yrs 
• Number of technicians having 
experience greater than 10 yrs 
4 5 7 
6.25 7.50 8.75 
0.50 1.00 2.00 
1 2 
1 
1 2 4 
2 4 8 
1 2 4 
1 2 
Score 
8 9 10 11 12 13 14 15 
11.25 12.50 13.75 15.00 16.25 17.50 18.75 20.00 
Score 
3.00 5.00 6.00 7.00 8.00 9.00 10.00 
1 2 3 
3 5 6 7 8 9 10 
3 4 5 
12 20 
6 10 
3 5 
- -
Appendix Bl 
Questionnaire (English) 
, It· c _- •t -· i 
m I e 1 
a ultide~c ·· o 
e - d ~ ~·~- v _ ~ uat o~n 
Ph 1cal Infra - uctur C n r 
chool o · i · Engin ering 
'lleen land niver_ i -. of _ echnolo. 
Thi. qu . tionn ir surv y i. ondu t din partial fu lfiJlm n 
· PbD e e cJ1 t I UT nd il d l g- tb ring data on 1 
th rit ria influ n in th 1 cti n f ntr. ct r 2 I 
t nd r aluati n pr dur and t nd r evaluation 
tnod I . 
. pa1 
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. Some cltaracteristic. ,of ou ancl our o•·gani.sation 
lnstructlon: Fill your re pon es in the bl n and tick the box of your choice (more than 
one where approprlate) 
1. Plc~.tse g1ve some personal dctruls. namely: 
1.1 Current position . ..... . .................. ................. ... ... ...... ....... 6- •• 
1.2 Working duration in lhc position yrs) 
1.3 Cum:ml fun ·lion 
D ontract preparation 0 Tender evaJuation 
D ontractor selection 0 Other .. .............. . ........................... . 
L4 Your ducationaJ baokground 
0 Architect 0 Civil engineer 
D Quantity surveyor l • 0 Otbet .. ............... ................. ......... . 
2. Please give some delails of your organisation, namely: 
2.1 eclor 
0 Publi 0 Stnte enterprise 0 Privnte 0 ther .................... . 
2..2 Businos 
0 Owner 0 Consultant 
0 "Proje j managerO Engineering 
0 Othu .. . .. . .............. . 
n Architect 
0 Cnntmcto 
2.3 Type of work and a\rerage num · er of annual contracts 
LJ Building works and number ............. . D ivil works and number ........ .. ..... .. 
D ervices and number ........................ . 0 Maintenance o.:nd number .......... ... .. 
U Other ... ...... , .. ..... . . ., .. .... .................... . 
2.4 Approximate annual contract value only your sol companY: SM ........ ,., ............... . 
2.5 
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11. The criteria iatluencing the · cloction of a contractoz· 
Instruction: The followin questions seek your attitude or opinion derived from your 
cxpcrl:cncc to detem:line the ctogroc of importance of each of the foUo·wing criteria tnward 
tender evaluation. Please circle only one numher on cacl1 rit rion whe e: 
1 
2 
3 
4 
s 
means 
tllP.fllt. 
means 
means 
means 
Vory low. importance or not at al l 
Low rmpnrtan 
Medium importance 
ID.gh im-ponance 
Very high importance. 
1. There arc criteria importim to the sue~ s o f 1 rojecl r Lliameals. Wh<tl are l.he degrees 
of the im por tH!Ice? Ancl wha.l are other criteria together with their degrees of the 
imponance not written down? 
Criteria and anea ures 
• Are financial ratios important? 
DeJow are the mcasu.r~. please indicate the importance that you 
place on eau:b measure by o1rclmg one number ami identify an 
acceproble rang m U. 
• Gross profit L= (Sales revenues- Cost of salrs)/Sallcs rc,ucs] I 
Whnt wou ld be an acoept:llb1e rPnge'! Mm Max 
• 1\sset turnover rntio L- Snles revenues/ Totnlllability +Owner's 
equity)i 
[1.11in0MtlX 0 What would be an a.cceptable range? 
• Financial leverage ratio [=: Return on owner' s equity/Return on 
total funds employed] 
MlnOMa:-:0 Wha.rw uld be n coeptable range? 
• Workin-g capiml ratio(= Current assets/ urrent 1 abnttiesb 
What would be an acceptable range? Mln D Max 
• Q'l.tick asset ratio [= Current assets- inventory- prepayments / 
liiTeFl l liHbilil ics • b~mk UVcn)rH n)] 
Mln 0 Ma Wl1at would be an acocptable range? 
• Otbern, please spec·ify ...................... ............................................ 
2 
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D~gree uf impo:rt.ance 
5 4 3 2 
5 4 3 2 
.5 4 3 2 
4 3 2 
5 4 3 2 
5 4 3 2 
5 
of f mpnl"'U-n 
ltJW 
• b nkin Ml 5 4 ~ '1. 
!l1m1 tl t y u 
• HTcnl hRnk in~ organi on 4 ) 2 
., l .cntJlh urI irna w"llh llul bank s 4 3 2 1 
... '&!! it g p~ntli I I mll 5 4 3 l 
'W A 1im::nf c.;·reclit b1 the ~.:unlmclor fn)m the b 'i 4 2 1 
• Tnt •rctJ I ·hu~by nk 4 
• Colltt 11 (1 I t:4;urily lo bank s 3 2 1 
'W Other-.. p1 !)' ...................... ,, .. ... 5 4 2 
• Ar cr tra unp rtan ~ 5 4 3 
.Be are the pi mtfi tc the imp cc th t you 
pia(; on tbm c by cmlini number. 
• Ave:m len h ofti 5 3 
• oud.itions m b gu cc: 5 4 3 2. 
• tlu:rs, pl 5<: specify ..................................................... ............... 'i 4 
• Arc the any others Pt c sp 
• Is quality S)'Stem cloetion important? 
ure 11 c circle on uwnbct 
3900 ~cri s 4 3 2: 
• ·. 0 9000 rica 
s 
3 
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• (jth lity 5 4 2 1 
•· q licy y c:m 5 4 3 1 
• ou. . • pl se .q}C!Oiry............................ ... . .. 4 3 1 
• quniity m uctil impn1 11 ·7 5 4 
m ure pl ci le 0 num r 
• Ou u.men etl Il l t•lnce tl Ill wlt l~. Hru l rd 4 j 
clt:rmmrs 
• UJlliC.illtedpro bcm followed by the contra r 5 4 2 
• bcin eff~ 1 ~ 4 
' 
• ify ........ - ......................................... . .. 5 4 3 2 
• Arc there any the ? P1 specify ........................................... . 4 J 2 1 
• lspc n:n I plannin impo ant? 5 2 } 
pl number 
• s 4 3 2 
• th . p . ......... · ·- ~·-··········· ...... .......................... .. .................. _ .. s 4 3 2 t 
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Appendix B3 
A verification of translation 
It 
Appendix B4 
Coding manual 
Section A Some characteristics of you and your organisation 
Q Variable Description Coin. Possible numbers and their Notice 
no. width meaning 
1.1 Currposn Current position 25 A position in the organisation Identify 
position 
1.2 Workdurn Working duration in the 2 1-99 years Identify 
position the true 
number 
1.3 Contprep Current function 1 1 Contract preparation Choose 
Teneval 2 Tender evaluation one or 
more 
Conselec 3 Contractor selection 
Otherfun 4 Other 
1.4 Edubacgd Educational background 1 1 Architect Choose 
2 Civil engineer only one 
3 Quantity surveyor 
4 Other 
2.1 Sector Sector of the organisation 1 1 Public Choose 
2 State enterprise only one 
3 Private 
4 Other 
2.2 Business Business category of the 1 1 Owner Choose 
organisation 2 Consultant one or 
more 
3 Architecture 
4 Project manager 
5 Engineering 
6 Contractor 
7 Other 
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Q Variable Description Coin. Possible numbers and their Notice 
no. width meaning 
2.3 Buildwks A vge annual number of 1 1-999 Identify 
building works the true 
number 
2.3 Civilwks Avgeannualnumberof 1 1-999 Identify 
civil works the true 
number 
2.3 Services A vge annual number of 1 1-999 Identify 
service works the true 
number 
2.3 Mainnanc A vge annual number of 1 1-999 Identify 
maintenance works the true 
number 
2.3 Others Avge annual number of 1 1-999 Identify 
other works the true 
number 
2.4 Anconval Annual contract value 4 1-9999 Million dollars Identify 
($M) the true 
number 
2.5 Minconva Minimum contract value 4 1-9999 Million dollars Identify 
($M) the true 
number 
2.5 Maxconva Maximum contract value 4 1-9999 Million dollars Identify 
($M) the true 
number 
Note: 0 Don't answer or missing value 
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Section B The criteria influencing the selection of a contractor 
Qno. Variable Criteria and measures Coin. Possible numbers and Notice 
width their meaning 
3.1.1 FS311 Financial ratios 1 1 Very low importance Choose 
or not at all only 
2 Low importance one 
3 Medium importance 
4 High importance 
5 Very high importance 
0 Don't answer or 
missing value 
FS3111 Gross profit 1 DITTO 
FS3112 Asset turnover ratio 1 DITTO 
FS3113 Financial leverage ratio 1 DITTO 
FS3114 Working capital ratio 1 DITTO 
FS3115 Quick asset ratio 1 DITTO 
3.1.2 FS312 Banking arrangements 1 DITTO 
FS3121 Current banking organisation 1 DITTO 
FS3122 Length of time with that bank 1 DITTO 
FS3123 Backing preparation from that 1 DITTO 
bank 
FS3124 A line of credit to the 1 DITTO 
contractor from the bank 
FS3125 Interest rate charged by the 1 DITTO 
bank 
FS3126 Collateral for security to the 1 DITTO 
bank 
3.1.3 FS313 Credit ratings 1 DITTO 
266 
Quo. Variable Criteria and measures Coin. Possible numbers and Notice 
width their meaning 
FS3131 Average length of time that 1 DITTO 
the contractor pays 
subs/suppliers 
FS3132 Conditions in bank guarantee 1 DITTO 
3.2.1 QMS321 Quality system selection 1 DITTO 
QMS3211 AS 3900 series 1 DITTO 
QMS3212 ISO 9000 series 1 DITTO 
3.2.2 QMS322 Quality system 1 DITTO 
implementation 
QMS3221 Progressive steps of 1 DITTO 
implementing a quality 
system 
3.2.3 QMS323 Quality system audits 1 DITTO 
QMS3231 Documented processes in 1 DITTO 
place ready to address 
standard elements 
QMS3232 Documented processes being 1 DITTO 
followed by the contractor 
QMS3233 Documented processes being 1 DITTO 
effective and suitable 
3.3.1 HR331 Personnel planning 1 DITTO 
HR3311 A personnel chart 1 DITTO 
3.3.2 HR332 Personnel development 1 DITTO 
HR3321 In-house training 1 DITTO 
HR3322 Supervisor coaching 1 DITTO 
3.3.3 HR333 Personnel maintenance 1 DITTO 
HR3331 Competitive incomes/welfare 1 DITTO 
HR3332 Social reputation of contractor 1 DITTO 
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Qno. Variable Criteria and measures Coin. Possible numbers and Notice 
width their meaning 
HR3333 Promotion 1 DITTO 
3.4.1 PR341 Performance 1 DITTO 
PR3411 Past performance 1 DITTO 
PR3412 Current performance 1 DITTO 
3.4.2 PR342 Health and safety 1 DITTO 
PR3421 Health and safety plan 1 DITTO 
PR3422 Health and safety control 1 DITTO 
3.5.1 PrC351 Procurement plans 1 DITTO 
PrC3511 Material schedule 1 DITTO 
PrC3512 Subcontractor schedule 1 DITTO 
3.5.2 PrC352 Delivery control 1 DITTO 
PrC3521 Warehouse procedures 1 DITTO 
PrC3522 Distribution procedures 1 DITTO 
PrC3523 Receipt of goods 1 DITTO 
3.5.3 PrC353 Subcontractor control 1 DITTO 
PrC3531 General conditions of 1 DITTO 
subcontractors 
PrC3532 Special conditions of 1 DITTO 
subcontractors 
PrC3533 Interaction between the 1 DITTO 
contractor and subcontractors 
PrC3534 Methods of reviewing 1 DITTO 
drawings and change orders 
PrC3535 Communication line 1 DITTO 
PrC3536 Power leverages 1 DITTO 
3.6.1 PIE361 Plant/equipment acquisition 1 DITTO 
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Qno. Variable Criteria and measures Coin. Possible numbers and Notice 
width their meaning 
PlE3611 A list of plant/equipment 1 DITTO 
PlE3612 A plan of renting or leasing 1 DITTO 
plant/equipment 
3.6.2 PlE362 Plant/equipment maintenance 1 DITTO 
PlE3621 Programmed maintenance 1 DITTO 
PlE3622 Spare parts stocking 1 DITTO 
3.7.1 EnC371 Project planning 1 DITTO 
EnC3711 Master plans 1 DITTO 
EnC3712 Detailed plans 1 DITTO 
EnC3713 Resource plans 1 DITTO 
EnC3714 Budgeting 1 DITTO 
EnC3715 Contingency plans 1 DITTO 
3.7.2 EnC372 Project execution 1 DITTO 
EnC3721 Communication of the plans 1 DITTO 
to involved people 
EnC3722 Technical ability 1 DITTO 
3.7.3 EnC373 Project monitoring 1 DITTO 
EnC3731 Continuously reporting 1 DITTO 
EnC3732 Analysed reporting 1 DITTO 
3.7.4 EnC374 Ability to adjust a project 1 DITTO 
EnC3741 Weeldy actions 1 DITTO 
EnC3742 Monthly actions 1 DITTO 
3.8.1 PM381 Project management 1 DITTO 
experience 
PM3811 Problem solving skills 1 DITTO 
PM3812 Management of conflict 1 DITTO 
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Q no. Variable Criteria and measures Coin. Possible numbers and Notice 
width their meaning 
PM3813 Previous and current position 1 DITTO 
3.8.2 PM382 Communication skills 1 DITTO 
PM3821 Observation skills 1 DITTO 
PM3822 Analysis skills 1 DITTO 
PM3823 Persuasive skills 1 DITTO 
3.8.3 PM383 Adaptability 1 DITTO 
PM3831 Tolerance for ambiguity and 1 DITTO 
changes 
PM3832 Balance ability between 1 DITTO 
conserving and challenging 
traditional operations or 
behaviours 
Section C Tender evaluation procedures 
Qno. Variable Description Coin. Possible numbers and Notice 
width their meaning 
4 TEproced Tender evaluation procedures 1 1 Selective tendering Choose 
withPQ only 
2 Selective tendering one 
withoutPQ 
3 Open tendering 
4 Negotiated tendering 
5 More than one 
procedure used 
5 NoDMTE Number ofDM in evaluating 1 1 One Choose 
tenders 2 More than one only 
one 
0 Don' know 
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Quo. Variable Description Coin. Possible numbers and Notice 
width their meaning 
6.1 SelTEPQ A selective tendering process 1 1 Not adjusted Choose 
withPQ 2 Slightly adjusted only 
one 
3 Highly adjusted 
6.2 SelTE A selective tendering process 1 DITTO 
withoutPQ 
6.3 Opente An open tendering 1 DITTO 
Section D Tender evaluation models 
Q Variable Description Coin. Possible numbers and Notice 
no. width their meaning 
7 TEmodel Tender evaluation models 1 1 Personal judgment 
2 Weighting models 
3 Utility models 
4 Computer programs: 
ES,ANN 
5 Other 
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Appendix C 
Some data analysis results 
Table Cl Criterion comparison of importance index across sectors 
Criteria Importance index (Mean/STD) 
Overall Government Private 
Project planning 5.81 6.07 5.53 
Project monitoring 5.70 6.07 5.25 
Project management experience 5.45 5.27 5.74 
Ability to adjust a project 4.73 4.78 4.70 
Performance 4.69 5.09 4.27 
Project execution 4.57 4.51 4.79 
Personnel planning 4.49 4.41 4.45 
Delivery control 4.37 4.11 4.78 
Plant/ equipment acquisition 4.16 4.05 4.31 
Adaptability 4.05 3.77 4.65 
Health and safety 4.01 3.56 4.79 
Financial ratios 3.87 3.26 5.15 
Subcontractor control 3.78 3.09 5.65 
Quality system audits 3.76 3.44 4.32 
Plant/ equipment maintenance 3.72 3.53 4.04 
Communication skills 3.67 3.44 4.18 
Banking arrangement 3.64 3.68 3.57 
Personnel maintenance 3.57 3.35 3.98 
Credit ratings 3.55 3.35 3.81 
Procurement plans 3.51 3.15 4.23 
Personnel development 3.32 3.01 3.94 
Quality system selection 3.21 2.94 3.64 
Quality system implementation 3.21 2.98 3.60 
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Table C2 Criterion comparison of ranking order across sectors 
Criteria Rankin2 order 
Overall Government Private 
Project planning 1 1 3 
Project monitoring 2 2 4 
Project management experience 3 3 1 
Ability to adjust a project 4 5 9 
Performance 5 4 14 
Project execution 6 6 6 
Personnel planning 7 7 11 
Delivery control 8 8 8 
Plant/equipment acquisition 9 9 13 
Adaptability 10 10 10 
Health and safety 11 12 7 
Financial ratios 12 18 5 
Subcontractor control 13 20 2 
Quality system audits 14 15 12 
Plant/ equipment maintenance 15 13 17 
Communication skills 16 14 16 
Banking arrangement 17 11 23 
Personnel maintenance 18 17 18 
Credit ratings 19 16 20 
Procurement plans 20 19 15 
Personnel development 21 21 19 
Quality system selection 22 23 21 
Quality system implementation 23 22 22 
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Table C3 Measure comparison of importance index across sectors 
Measure lm]!_ortance index _{_Mean/STD) 
Overall Government Private 
Master plans 5.22 5.06 5.57 
Continuously reporting 4.93 4.93 4.91 
A list of plant/equipment 4.82 4.67 4.99 
Past performance 4.82 5.06 4.62 
Problem-solving skills 4.80 4.78 4.95 
Resource plans 4.67 4.55 4.91 
Weekly actions 4.59 4.56 4.72 
Management of conflict 4.47 4.28 5.01 
Technical ability 4.44 3.78 6.34 
Detailed plans 4.43 4.07 5.13 
Receipt of goods 4.34 4.20 4.55 
Warehouse procedures 4.29 4.07 4.60 
Methods of reviewing drawing and 4.29 4.06 4.80 
change orders 
Previous and current position 4.25 3.76 4.93 
Budgeting 4.17 3.57 6.06 
Monthly actions 4.16 4.33 3.99 
Analysis skills 4.11 3.65 5.18 
Observation skills 4.04 3.52 5.36 
Distribution procedures 4.03 3.70 4.49 
Analysed reporting 4.01 3.97 4.07 
Tolerance for ambiguity and changes 3.99 3.60 4.81 
Balance ability between conserving and 3.97 3.61 4.46 
challenging traditional operations or 
behaviours 
A line of credit to the contractor from the 3.93 3.87 3.94 
bank 
Persuasive skills 3.87 3.49 4.59 
Social reputation of contractor 3.85 3.82 3.83 
Material schedule 3.83 3.50 4.49 
A personnel chart 3.82 3.84 3.76 
Current performance 3.79 4.16 3.41 
Communication of the plans to involved 3.77 3.32 4.95 
people 
A plan of renting or leasing 3.74 3.60 3.97 
plant/equipment 
Communication line 3.69 3.46 4.25 
Conditions in bank guarantee 3.68 3.44 4.19 
In-house training 3.63 3.24 4.32 
Promotion 3.63 3.34 4.08 
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Table C3 (continued) 
Measure Importance index (Mean/STD) 
Overall Government Private 
Documented processes being followed by 3.63 3.53 3.76 
the contractor 
Contingency plans 3.62 3.19 4.86 
Documented process in place ready to 3.62 3.53 3.82 
address standard elements 
Interaction between the contractor and 3.60 3.05 4.72 
subcontractors 
General condition of subcontractors 3.59 3.06 4.92 
Competitive incomes/welfare 3.57 3.16 4.36 
Documented processes being effective 3.51 3.16 4.15 
and suitable 
Health and safety plan 3.48 3.16 4.08 
Supervisor coaching 3.43 3.12 4.03 
Special conditions of subcontractors 3.41 2.90 4.60 
Health and safety control 3.40 3.06 3.95 
Subcontractor schedule 3.40 3.00 4.22 
Average length of time that the contractor 3.39 3.15 3.97 
pays subs/suppliers 
Progressive steps in implementing a 3.38 3.09 3.98 
quality system 
Backing preparation :from that bank 3.28 2.99 3.77 
Programmed maintenance 3.16 2.94 3.51 
Financial leverage ratio 3.09 3.05 3.16 
A plan of renting or leasing 3.05 3.06 3.03 
plant/ equipment 
Length of time with that bank 3.01 2.95 3.06 
Working capital ratio 2.97 2.81 3.24 
Spare parts stocking 2.97 2.91 3.05 
Asset turn over ratio 2.96 2.77 3.29 
Collateral for security by the bank 2.95 2.85 3.08 
Gross profit 2.85 2.69 3.21 
Current banking organisation 2.84 2.71 3.07 
Quick asset ratio 2.82 2.60 3.13 
Interest rate charged by the bank 2.76 2.80 2.75 
ISO 9000 series 2.71 2.54 3.03 
AS 3900 series 1.86 1.85 1.86 
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Table C4 Measure comparison of ranking order across sectors 
Measure Ranking order 
Overall Government Private 
Master plans 1 1 3 
Continuously reporting 2 3 14 
A list of plant/equipment 3 5 8 
Past performance 4 2 20 
Problem-solving skills 5 4 10 
Resource plans 6 7 13 
Weekly actions 7 6 18 
Management of conflict 8 9 7 
Technical ability 9 20 1 
Detailed plans 10 12 6 
Receipt of goods 11 10 24 
Warehouse procedures 12 13 21 
Methods of reviewing drawing and change 13 14 17 
orders 
Previous and current position 14 16 11 
Budgeting 15 26 2 
Monthly actions 16 8 38 
Analysis skills 17 22 5 
Observation skills 18 29 4 
Distribution procedures 19 21 26 
Analysed reporting 20 15 36 
Tolerance for ambiguity and changes 21 25 16 
Balance ability between conserving and 22 23 27 
challenging traditional operations or 
behaviours 
A line of credit to the contractor from the 23 17 43 
bank 
Persuasive skills 24 31 23 
Social reputation of contractor 25 19 44 
Material schedule 26 30 25 
A personnel chart 27 18 47 
Current performance 28 11 50 
Communication of the plans to involved 29 35 9 
people 
A plan of renting or leasing 30 24 41 
plant/equipment 
Communication line 31 32 30 
Conditions in bank guarantee 32 33 32 
In-house training 33 36 29 
Promotion 34 34 34 
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Table C4 (continued) 
Measure Ranking order 
Overall Government Private 
Documented processes being followed by 35 28 48 
the contractor 
Contingency plans 36 37 15 
Documented process in place ready to 37 27 45 
address standard elements 
Interaction between the contractor and 38 48 19 
subcontractors 
General condition of subcontractors 39 45 12 
Competitive incomes/welfare 40 38 28 
Documented processes being effective and 41 40 33 
suitable 
Health and safety plan 42 39 35 
Supervisor coaching 43 42 37 
Special conditions of subcontractors 44 54 22 
Health and safety control 45 44 42 
Subcontractor schedule 46 49 31 
Average length oftime that the contractor 47 41 40 
pays subs/suppliers 
Progressive steps in implementing a quality 48 43 39 
system 
Backing preparation from that bank 49 50 46 
Programmed maintenance 50 52 49 
Financial leverage ratio 51 47 54 
A plan of renting or leasing 52 46 60 
plant/equipment 
Length oftime with that bank 53 51 58 
Working capital ratio 54 56 52 
Spare parts stocking 55 53 59 
Asset turn over ratio 56 58 51 
Collateral for security by the bank 57 55 56 
Gross profit 58 60 53 
Current banking organisation 59 59 57 
Quick asset ratio 60 61 55 
Interest rate charged by the bank 61 57 62 
ISO 9000 series 62 62 61 
AS 3900 series 63 63 63 
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Table CS Criteria/measures indicated as statistical differences between the two 
sectors 
Criteria and measures Mann-Whitney Significant 
u (2-tailed) 
Financial ratios 1427.000 0.033 
Banking arrangement 803.500 0.601 
Credit ratings 1200.500 0.442 
Quality system selection 960.500 0.139 
Quality system implementation 1429.500 0.026* 
Quality system audits 1231.500 0.164 
Personnel planning 1527.500 0.764 
Personnel development 1163.500 0.052 
Personnel maintenance 1215.000 0.091 
Performance 1432.000 0.216 
Health and safety 1449.000 0.162 
Procurement plans 1269.000 0.078 
Delivery control 1475.000 0.291 
Subcontractor control 1294.500 0.099 
Plant/equipment acquisition 1509.500 0.487 
Plant/ equipment maintenance 1503.000 0.220 
Project planning 1487.000 0.219 
Project execution 1254.500 0.028* 
Project monitoring 1484.000 0.358 
Ability to adjust a project 1391.000 0.468 
Project management experience 1517.000 0.136 
Communication skills 1141.500 0.014* 
~<J~P!~~_iE~ _______________________________________________ ---------_ 1268.000 0.018* 
---------------------
-----<f.oo7·-----Gross profit 1626.500 
Asset turn over ratio 1804.500 0.071 
Financial leverage ratio 1823.000 0.085 
Working capital ratio 1872.500 0.144 
Quick asset ratio 1975.500 0.397 
Current banking organisation 1889.000 0.029* 
Length oftime with that bank 2032.500 0.117 
Backing preparation from that bank 1972.000 0.050 
A line of credit to the contractor from the bank 2342.000 0.735 
Interest rate charged by the bank 2037.000 0.125 
Collateral for security by the bank 2080.500 0.177 
Average length of time that the contractor pays subs/suppliers 1774.500 o.oo5* 
Conditions in bank guarantee 1938.000 0.034* 
AS 3900 series 2474.000 0.950 
ISO 9000 series 2095.500 0.095 
Progressive steps of implementing a quality system 1912.000 0.034* 
Documented process in place ready to address standard 2069.000 0.090 
elements 
Documented processes being followed by the contractor 2266.000 0.403 
Documented processes being effective and suitable 2191.500 0.244 
A personnel chart 2388.500 0.761 
In-house training 2086.000 0.102 
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Table C5 (Continued) 
Criteria and measures Mann-Whitney Significant 
u (2-tailed) 
Supervisor coaching 2109.500 0.131 
Competitive incomes/welfare 1975.500 0.035* 
Social reputation of contractor 2414.500 0.748 
Promotion 2356.000 0.563 
Past performance 2047.000 0.051 
Current performance 2396.000 0.687 
Health and safety plan 2150.000 0.143 
Health and safety control 2311.500 0.444 
Material schedule 2095.500 0.084 
Subcontractor schedule 2175.500 0.172 
Warehouse procedures 2382.500 0.638 
Distribution procedures 2395.500 0.682 
Receipt of goods 2307.000 0.425 
General condition of subcontractors 1930.000 0.016* 
Special conditions of subcontractors 2049.000 0.057 
Interaction between the contractor and subcontractors 2127.500 0.117 
Methods of reviewing drawing and change orders 2039.500 0.067 
Communication line 1802.000 0.003* 
Power leverage 2170.000 0.227 
A list of plant/equipment 2203.000 0.257 
A plan of renting or leasing plant/equipment 2155.000 0.187 
Programmed maintenance 2260.000 0.329 
Spare parts stocking 2486.500 0.993 
Master plans 1950.000 0.017* 
Detailed plans 2258.500 0.313 
Resource plans 2131.500 0.117 
Budgeting 1626.500 o.ooo· 
Contingency plans 1615.500 o.ooo· 
Communication of the plans to involved people 1788.000 0.002* 
Technical ability 1859.500 o.oo5· 
Continuously reporting 2483.000 0.980 
Analysed reporting 2214.000 0.231 
Weeldy actions 2239.000 0.257 
Monthly actions 2227.000 0.250 
Problem-solving skills 2014.500 0.051 
Management of conflict 1743.500 0.001* 
Previous and current position 1859.000 o.oo5* 
Observation skills 1777.500 0.002* 
Analysis skills 1825.000 o.oo5· 
Persuasive skills 1791.000 0.003* 
Tolerance for ambiguity and changes 1921.500 0.018* 
Balance ability between conserving and challenging 2191.000 0.237 
traditional operations or behaviours 
.. 
* statistical d1fference at the 5% level of s1gmficance 
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Table C6 Factor loadings extracted by the principal component analysis 
1 
1 FS3113 Financlao.,YOrage r;mo 
.283 
FS3122 Length of lime with tha1 
.«8 bank 
FS3123 Bad<lng preparation 
.498 from tha1 bani< 
FS3124 Alineofcredktothe 
.339 contractor from the bank 
FS3131 AYOrage length of lime 
tha1 the contractor pays 
.627 
subs/suppliers 
FS3132 Conditions in bank 
.420 guarantee 
QMS3221 Progressi'le steps of 
.596 Implementing a quality system 
QMS3231 Documented pro<:ess 
in place ready to address 
.661 
standard elements 
QMS3232 Documented 
pro<:esses being followed by the 
.622 
contractor 
QMS3233 Documented 
pro<:esses being effective and 
.679 
suitable 
HR3311 A personnel chart 
.489 
HR3321 In-house tralnlng 
.700 
HR3322 Supeovlsor coaching 
.681 
HR3331 Compelltlve 
.720 incomes/weJare 
HR3332 Social reputation of 
.583 contractor 
HR3333 Promotion .677 
PR3411 Past performance .532 
PR3412 Currentperformance 
.503 
PR3421 Health and safety plan 
.755 
PR3422 Health and safety 
.674 
control 
PRC3511 Material schedule 
.733 
PRC3512 Subcontractor 
.730 schedule 
PRC3521 Warei"oose 
.620 procedures 
PRC3522 Distribution 
.645 procedures 
PRC3523 Receipt of goods 
.567 
PRC3531 General oondilion of 
.779 suboontractors 
PRC3532 Special cordilions of 
.741 subcontractors 
PRC3533 Interaction between 
the contractor and subcontractors .664 
PRC3534 Methods of reviewing 
.570 drawing and change orders 
PRC3535 Communication line .685 
PRC3538 Power leverage 
.607 
PLE3811 Allstof 
.442 plant/equipment 
PLE3612 A plan of renting or 
.541 leasing plant/equipment 
PLE3621 Programmed 
.656 
m-nance 
ENC3711 Master plans .578 
ENC3712 Oetalled plans 
.836 
ENC3713 Resoucce plans .836 
ENC3714 Budgeting .698 
ENC3715 Contingency plans 
.673 
ENC3721 Communication of the 
.652 
plans to - people 
ENC3722 Tedmicalability .582 
ENC3731 Continuously 
.451 reporting 
ENC3732 Analysed reporting .521 
ENC3741 Weekly adlons .621 
ENC3742 Monthly adlone 
.617 
PM3811 Problem solving - .693 
PM3812 Management of conflict .651 
PM3813 Previous and current 
.578 poailion 
PM3621 Obeervation - .687 
PM3B22 Analysis- .731 
PM3623 Perouasive- .728 
PM3831 Tolerance for ambiguity 
.674 
and changes 
PM3832 Balance ability between 
conserving and ~nging 
.837 ttadlionm operatkms or 
behaviors 
Ex1radlon Method: Principal Component Analysis. 
a. 12 components extracted. 
2 3 
·.546 -8.91E-<Y.! 
-.381 -4.15E-<Y.! 
5.433E-<Y.! ·.128 
7.155E-02 .142 
·.232 .167 
·.314 .147 
·.231 ·.250 
·.190 1.486E-<Y.! 
·9.83E-o2 -8.47E-03 
-5.44E-<Y.! -8.60E.()2 
1.807E-02 .302 
·.238 -4.52E-<Y.! 
·.185 -4.32E-<Y.! 
·.237 .130 
·.142 .194 
·.284 .168 
.264 .383 
.153 .199 
·.101 ·.212 
-5.10E-<Y.! ·.256 
·.110 ·.194 
·.127 ·.141 
·.263 .283 
·.251 .206 
·.160 .285 
·.218 8.521E-<Y.! 
·.2« ·3.42E-04 
·.213 4.437E-<Y.! 
·.219 ·.156 
·.149 ·.120 
·.253 2.046E-<Y.! 
.260 .602 
7.431E-02 .565 
·1.90E-03 .2« 
.499 -6.45E-<Y.! 
.507 ·.125 
.520 -5.71E-<Y.! 
8.910E-<Y.! ·7.71E-<Y.! 
-4.81E-<Y.! ·.211 
.329 ·.192 
.268 ·.279 
.657 -6.77E-<Y.! 
.508 2.269E-<Y.! 
.438 ·.119 
.399 -5.86E-<Y.! 
.279 .214 
.320 .169 
.131 .198 
·3.89E-03 ·.289 
2.«6E-03 ·.358 
·2.37E-<Y.! ·.278 
1.825E-o2 -8.15E-o2 
·7.31E-02 -8.07E-<Y.! 
Component Matrbl' 
Com nent 
4 5 6 7 8 9 10 
8.261E-<Y.! .339 .214 7.216E-o2 ·2.20E-02 ·.151 -9.88E-<Y.! 
1.063E-<Y.! .4« .111 .314 ·3.29E-<Y.! .128 ·1.84E-o2 
.116 .642 ·1.99E-<Y.! .170 .157 2.893E-<Y.! ·1.15E-<Y.! 
.293 .573 1.593E-02 .386 8.541E-o2 .166 ·.161 
.135 .169 .166 8.075E-<Y.! -8.03E-<Y.! .140 3.188E-<Y.! 
·.103 .342 .139 ·.324 4.487E-<Y.! -3.73E-o2 .243 
.446 -4.33E-02 ·9.51E-<Y.! -4.46E-02 2.527E-<Y.! 5.300E-<Y.! -6.43E-04 
.356 ·1.91E-<Y.! ·.158 ·.276 .140 4.515E-<Y.! -5.76E-o2 
.337 9.372E-<Y.! ·.176 ·.460 .180 ·3.31E-o2 ·.143 
.383 7.837E-03 ·9.53E-<Y.! ·.333 .221 5.645E-<Y.! -5.65E-o2 
.240 -5.13E-02 .138 .161 8.245E-<Y.! ·.228 .183 
.240 ·.159 ·2.11E-<Y.! 3.125E-<Y.! ·.295 ·.289 8.226E-o2 
.251 -8.89E-02 ·3.42E-<Y.! 1.260E-<Y.! ·.331 ·.287 .207 
.189 -B.SBE-<Y.! 9.945E-<Y.! ·2.29E-o2 -.333 ·1.70E-o2 8.115E-<Y.! 
.126 ·.251 4.276E-o2 ·2.00E-<Y.! -5.53E-<Y.! .231 .389 
.103 ·.121 .152 ·1.81E-03 ·.264 3.926E-<Y.! .142 
.283 ·7.59E-<Y.! 7.206E-03 ·1.06E-<Y.! .119 .278 .145 
.246 -4.66E-<Y.! ·.231 .197 7.797E-<Y.! .277 .154 
.150 ·.191 ·.212 .125 7.665E-<Y.! -8.27E-02 ·.147 
.183 ·.170 ·.259 .284 5.072E-<Y.! ·9.41E-<Y.! ·.183 
·7.87E-<Y.! -6.69E-<Y.! ·1.70E-o2 ·.130 9.751E-<Y.! .168 -6.76E-<Y.! 
·.156 -6.54E-<Y.! 5.389E-<Y.! ·.153 9.655E-02 .123 3.478E-o2 
·.143 -5.87E-02 -.351 .158 .111 ·.245 ·.111 
·.272 ·1.75E-02 ·.380 .167 6.513E-<Y.! ·.228 -5.33E-<Y.! 
·.186 2.670E-o2 ·.462 .147 7.726E-02 -5.53E-<Y.! 1.526E-<Y.! 
·.205 -4.56E-<Y.! ·.149 8.866E-02 ·.213 .162 ·.120 
-.266 -6.82E-<Y.! ·.122 5.465E-o2 ·.143 .287 ·7.62E-o2 
·.189 ·.166 ·5.26E-<Y.! 9.310E-o2 ·.178 .328 -4.18E-<Y.! 
·.312 .149 ·.134 ·.322 .126 3.773E-<Y.! ·.117 
·.386 5.692E-<Y.! 1.228E-<Y.! ·.198 1.008E-<Y.! ·3.25E-<Y.! 8.881E-<Y.! 
·.261 .227 .105 ·.230 3.356E-<Y.! 4.739E-<Y.! 7.583E-<Y.! 
·.227 -6.55E-<Y.! 9.651E-02 -7.41E-<Y.! .169 -8.33E-02 ·1.46E-<Y.! 
·.116 ·7.60E-<Y.! .112 -8.22E-<Y.! .199 -8.36E-o2 ·1.88E-03 
·7.62E-<Y.! -8.25E-o2 ·.121 ·7.55E-02 -6.45E-<Y.! ·3.35E-<Y.! -.253 
.199 -8.24E-<Y.! 7.592E-<Y.! -4.16E-<Y.! ·1.71E-02 4.591E-<Y.! ·.199 
1.005E-<Y.! -8.36E-o2 3.895E-<Y.! ·1.61E-02 ·.128 .183 ·.126 
3.847E-<Y.! ·.119 9.656E-<Y.! 4.673E-<Y.! ·.188 4.446E-<Y.! •.174 
·.128 .136 .208 ·.141 ·.354 ·2.65E-02 -4.78E-<Y.! 
·9.57E-<Y.! ·1.76E-o2 .222 2.283E-<Y.! -.210 -9.79E-02 •.275 
·.161 8.664E-02 -4.21E-<Y.! ·.105 1.546E-<Y.! 1.053E-<Y.! .146 
·.101 6.750E-02 ·.146 ·1.18E-<Y.! 5.282E-<Y.! .216 .240 
-8.76E-<Y.! 6.171E-<Y.! ·.292 7.910E-03 -8.22E-<Y.! 1.596E-<Y.! 5.829E-<Y.! 
·.196 .267 ·.160 ·2.86E-<Y.! ·.243 1.307E-o2 2.653E-<Y.! 
·1.38E-<Y.! .251 ·.128 2.034E-<Y.! ·1.04E-<Y.! ·.281 .198 
·2.00E-o2 .216 ·9.91E-o2 2.832E-<Y.! ·9.62E-<Y.! ·.238 .289 
9.334E-<Y.! -8.42E-03 .220 ·2.70E-<Y.! 4.652E-<Y.! 4.851E-<Y.! ·.106 
4.300E-03 ·1.87E-o2 .289 -4.23E-<Y.! 8.974E-<Y.! -.217 ·.166 
2.241E-<Y.! 4.689E-<Y.! .305 -8.94E-<Y.! ·1.86E-<Y.! ·.105 ·.2« 
·7.92E-<Y.! ·.177 .148 .135 .235 ·.137 .138 
2.653E-03 ·.150 8.671E-<Y.! 4.834E-o2 .234 -6.55E-<Y.! .106 
·.116 ·.226 .193 7.507E-o2 .192 -.111 5.390E-<Y.! 
·.130 ·.167 .300 .288 .267 ·2.54E-<Y.! 4.490E-<Y.! 
·.201 ·9.20E-<Y.! .335 .280 .210 .145 6.356E-<Y.! 
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11 12 
i r.«~~t-o2 1.IU\IE-<Y.! 
.152 6.568E-<Y.! 
·2.61E-<Y.! ·2.11E-<Y.! 
·.105 ·.150 
-8.19E-<Y.! .156 
·1.59E-o2 .172 
.102 ·2.50E-o2 
.112 -9.32E-<Y.! 
.121 .106 
.163 8.656E.()2 
7.300E-<Y.! -.460 
·2.26E-<Y.! 2.719E-03 
-8.86E-04 ·.124 
-8.89E-03 ·1.84E-<Y.! 
9.976E-<Y.! .237 
5.206E-<Y.! .106 
·.231 6.716E-03 
·.183 5.890E-o2 
·1.95E-<Y.! -5.06E-<Y.! 
·7.12E-<Y.! ·2.45E-<Y.! 
·2.66E-o2 ·.192 
·.129 •.168 
5.433E-o2 9.960E-o2 
5.784E-03 .129 
.141 .232 
·.178 ·.115 
·.135 ·.155 
-8.11E-<Y.! ·.121 
·.109 -5.66E-<Y.! 
·.202 ·.135 
7.830E-<Y.! ·.149 
5.895E-<Y.! ·.202 
.184 •.161 
9.667E-o2 6.383E-o2 
1.102E-<Y.! ·.184 
.1« 3.306E-o2 
.202 ·1.55E-<Y.! 
.135 5.945E-o2 
3.471E-o2 2.776E-<Y.! 
.212 -7.13E-<Y.! 
-8.83E-03 .130 
2.979E-<Y.! .156 
.232 6.022E-<Y.! 
•.117 ·7.56E-o2 
·.181 -9.17E-<Y.! 
·.134 .159 
·.198 .134 
-.369 .301 
·.149 .157 
·.172 -4.57E-o2 
-8.06E-<Y.! .135 
.303 1.903E-o2 
.290 5.970E-<Y.! 
Table C7 Rotated factor loadings by varimax rotation 
1 2 
'"'".'"""""'""'""'"~~"ratiO -.261 .157 
FS3122 Lengtholtimewlththat 
-5.70E-o3 .204 bank 
F$3123 Backing preparation 
.307 .136 from that bank 
FS3124 Alineolcredktothe 
.145 2.282E-ll2 contractor from the bank 
F$3131 Average length ol time 
that the conltactor pays 4.090E-o2 .237 
subs/suppliers 
FS3132 Conditions In bank 
·1.84E-ll2 .261 guarantee 
QMS3221 Progmssivestepsol 
7.471E-ll2 .169 implementing a quality system 
QMS3231 Documented process 
In place ready to addmss 9.769E-()2 .268 
standan! elements 
QMS3232 Documented 
processea being followed by the .179 .174 
contractor 
QMS3233 Documented 
processea being effective and .218 .149 
-HR3311 A pe1110fl1l81 chart 5.818E-()2 3.788E-()2 
HR3321 Jn.houoo training .121 .193 
HR3322 Supe!Visor coaching .186 .189 
HR3331 Competitive 
.124 .296 lncomes/WeWare 
HR3332 Social reputation o1 9.656E-o2 .123 contraaor 
HR3333 Promotion 6.816E-ll2 .280 
PR3411 Past performance .224 9.395E-ll2 
PR3412 Current performance .223 9.693E-ll2 
PR3421 Health and safety plan 
.196 .323 
PR3422 Health and safety 
.203 .247 
control 
PRC3511 Material schedule .209 .805 
PRC3512 SUbcontradOr 
.167 .840 schedule 
PRC3521 Warehouee 3.632E-ll2 .225 procedures 
PRC3522 01strlbution 
.100 .312 procedtnS 
PRC3523 Receipt ol goods .181 .174 
PRC3531 General condilion of 
.178 .672 subcontractors 
PRC3532 Special conditions ol 
.184 .749 subcontractors 
PRC3533 Interaction between 
the conltactor and .130 .841 
subcontractors 
PRC3534 Methods ol reviewing 
.126 .655 drawing and change ordsrs 
PRC3535 Communication line .195 .686 
PRC3536 Power leverage .128 .551 
PLE3611 A list of 
.235 .184 plant/equipment 
PLE3612 A plan ol renting or 
.141 .184 leasing plant/equipment 
PLE3621 Programmed 
.271 .285 ~
ENC3711 Maslerplans .559 .138 
ENC3712 Delailod plans .718 .181 
ENC3713 Reeource plans .711 .103 
ENC3714 Bu;lge1lng .510 .341 
ENC3715 Contingency plans .292 .375 
ENC3n1 Communication o1 the 
.650 .279 
plans 10-people 
ENC3722 Technical ability .848 .285 
ENC3731 Continuously 
.807 U70E-ll2 
reporting 
ENC3732 Analysed reporting .826 .114 
ENC3741 Weekly actions .843 .116 
ENC3742 Mon1h1y actions .610 .147 
PM3611 Problem solving skills .365 .1« 
PM3812 Management o1 conllict .346 .104 
PM3813 Pmlous and current 
.1n .171 position 
PM3621 Obeetvationskills .181 .262 
PM3822 Analysis skills .207 .388 
PM3823 Persuasive skills .201 .318 
PM3831 Tolorance for ambiguily 
.228 .153 
and changes 
PM3832 Balance ability between 
coneervlng and challenging 
.182 .248 tradi11onal ope-or 
beha'liors 
Extraction Method. Ptlnc1pa1 Component Anelysis. 
Rotation Method: Vatimax with Kaiser Normalization. 
a. Rotation converged In 14 iterations. 
Rotated Component Matrill' 
Com onent 
3 4 5 6 7 
.311 .153 .165 9.722E-ll2 .476 
.251 .235 4.632E-ll2 .194 .659 
·1.95E-ll2 .116 .202 8.408E-Q2 .713 
5.161E-o3 -6.30E-()2 7.996E-o2 2.456E-Q2 .803 
.383 .180 .153 .136 .374 
.180 4.733E-ll2 .197 .117 .196 
.402 .239 .800 6.175E-Q2 .202 
.279 9.469E-()2 .711 .159 .125 
.141 1.196E-Q2 .805 .163 8.247E-o2 
.178 .201 .787 .106 .101 
.378 .169 .137 2.248E-()2 .194 
.728 .184 .274 .238 4.374E-ll2 
.751 .122 .245 .161 8.484E-ll2 
.692 .114 .215 .138 .119 
.422 .303 .187 .165 -8.72E-ll2 
.633 .214 .158 .177 8.003E-ll2 
.112 3.653E-ll2 .207 1.615E-Q2 8.445E.02 
.126 7.695E-ll2 .161 .206 .168 
.307 .347 .418 .337 .102 
.276 .339 .313 .365 .161 
.158 .303 .358 7.732E-Q2 9.589E-()2 
.176 .313 .280 5.787E-Q2 5.882E-ll2 
.207 .184 .180 .756 .101 
.192 .165 8.781E-ll2 .784 9.566E-()2 
.114 9.802E-ll2 .137 .776 .107 
.383 8.990E-Q2 5.461E-ll2 .365 .167 
.276 .161 6.351E-ll2 .282 .142 
.333 .198 3.805E-ll2 .220 7.094E-ll2 
·3.34E.02 9.726E-ll2 .303 .229 7.868E-o2 
.163 .218 9.868E.02 .162 3.302E-o2 
.168 .165 .189 .109 .209 
·3.37E-ll2 3.939E-()2 ·2.90E-Q2 .215 -4.98E-Q2 
8.686E-o2 .134 .130 .280 1.168E-()2 
.217 6.193E-ll2 .251 .412 2.842E-ll2 
.110 .145 .291 -.130 5.781E-ll2 
.121 .231 .190 ·2.00E-()2 2.852E-ll2 
.217 .240 .148 ·3.86E-()3 1.392E-Q2 
.423 .156 .106 3.056E-ll2 .138 
.371 .312 .140 9.026E-()2 .152 
8.358E-o2 .297 .201 6.367E.02 5.172E-o2 
1.507E-ll2 .309 .180 8.214E-ll2 6.811E-ll2 
-6.61E-ll2 3.876E-()2 5.438E-()2 .194 -4.42E-ll2 
7.362E-ll2 ·1.95E-ll2 2.452E-o3 .184 .137 
.136 .126 .103 .128 .178 
.225 9.425E-ll2 2.841E-ll2 9.875E-ll2 .148 
.162 .221 .186 7.310E.02 .128 
.129 .259 .126 8.975E-ll2 6.265E-ll2 
.165 .122 9.460E-()2 9.903E-ll2 .113 
.180 .659 .153 .160 1.830E-o2 
.179 .573 .283 5.377E-ll2 5.409E-()2 
.210 .867 .191 .150 ·2.13E-ll2 
.182 .767 9.981E-ll2 .158 .150 
.144 .733 3.059E-()2 .118 .213 
282 
8 9 10 11 12 
-4.69E-()2 17.593£.()2 ·.275 .194 ·1.!il!E-ll2 
-4.91E-Q2 ·2.83E-ll2 ·1.25E-ll2 .173 ·.143 
·7.07E-Q3 7.897E-ll2 3.872E-ll2 .116 .211 
.146 .125 .213 ·.143 6.189E-o2 
8.027E-o2 .287 .255 .201 ·9.47E-()2 
9.203E-ll2 .148 9.882E-o3 .841 7.«1E-ll2 
-8.95E-ll2 -3.29E-()2 .137 ·9.90E-()2 4.847E-ll2 
.178 4.534E-ll2 .152 1.891E-ll2 2.811E-o2 
7.870E-()2 .189 4.440E-Q2 .180 2.150E-()2 
8.233E-Q2 .118 .142 .101 ·1.06E-()2 
.841 ·2.90E-()2 .112 ·.135 .249 
3.582E .146 2.982E-ll2 -4.27E-ll2 .161 
2.999E-o2 2.815E-ll2 1.730E-o3 .255 
.181 .165 7.065E-ll2 -4.18E-()2 
2.029E-o2 .490 .273 ·.153 
.168 .202 .187 ·.135 
.279 .863 ·3.88E-o3 5.446E-()2 
9.104E 7.910E-()2 .635 ·.109 8.057E-()2 
·2.95E.03 .100 8.967E-o2 ·.297 .140 
·9.36E-o2 9.558E-o2 .103 ·.413 .168 
.103 6.265E-ll2 8.289E-()2 -4.84£.()2 3.571E-ll2 
.142 .113 .106 5.470E-()2 .122 
.208 .103 3.163E.02 -9.73E-o3 6.725£.()2 
.135 8.860E-o2 2.877E-ll2 5.044E-ll2 .106 
.113 -1.41E-ll2 .182 .126 -4.00E-o2 
9.712E-Q2 .161 .185 ·8.90E-()2 -4.39E-()2 
6.905E-ll2 6.054E-ll2 .201 -5.76E-ll2 ·9.33E-()2 
9.135E-Q2 5.216E-ll2 .271 ·9.01E-ll2 •.181 
-4.47E-o3 .121 -.117 .201 .106 
9.951E-ll2 .146 -3.26E-()2 .211 .234 
.230 2.865E-()2 ·9.11E-ll2 .353 1.347E-o2 
.752 .231 .132 8.837E-Q2 ·1.01E-ll2 
.728 .184 .120 .137 -6.67E-ll2 
.255 .2n 3.906E-o2 ·3.08E-()2 •.184 
.249 .283 .119 ·.315 3.664E-ll2 
9.268E-()2 .210 .134 -.184 •.136 
.197 .239 5.367E-ll2 -.229 -.152 
7.282E-ll2 .255 -.132 .188 -.121 
·3.77E-o3 .337 -.219 -8.68E-o2 -9.38E-o2 
.143 -3.62E-ll2 6.233E-o3 .116 9.956E-o2 
-.149 ·2.06E-()2 .284 .124 .125 
·1.82E-ll2 .111 .202 -5.22E-ll2 .125 
.114 4.699E-()2 3.563E-Q3 .113 -4.20E-o2 
.125 .139 4.807E-ll2 4.121E-ll2 .500 
.142 .121 .126 8.297E-ll2 .491 
.282 .538 .275 3.204E-ll2 -2.28E-o2 
.302 .650 6.252E-ll2 6.503E-o3 .140 
.104 .790 .120 8.933E-ll2 4.368E-o2 
-4.43E-ll2 .253 .111 2.184E-o2 .278 
-8.32E-o3 .168 .118 -7.33E-ll2 .329 
2.689E-o3 .267 4.091E-ll2 1.212E-()2 .158 
.289 7.226E-ll2 1.672E-ll2 ·1.10E-o2 ·9.38E-()2 
.209 4.285E-()2 8.631E-ll2 8.512E-ll2 ·.212 
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